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PREFACE. 



In this, the fifth full revision of this manual, the text has been 
rewritten and the order of statement in good part recast. The subject- 
matter is enlarged by fully one-half, though but one hundred pages 
have been added to the book. 

It has been our aim to bring the varied resources of analysis within 
reach, placing in order before the worker the leading characteristics of 
elements, upon the relations of which every scheme of separation de- 
pends. This is desired for the working chemist, and no less for the 
working student. However limited may be the range of his work, we 
would not contract his view to a single routine. It is while in the 
course of qualitative analysis especially that the student is forming 
his personal acquaintance with the facts of chemical change, and it is 
not well that his outlook should be cut off by narrow routine at this 
time. 

The introductory pages upon Operations of Analysis, setting forth 
some of the foundations of qualitative chemistry, consist of matter 
restored and revised from the editions of 1874 and 1880. This subject- 
matter, omitted in 1888, is now desired by teachers. For the portion 
upon Solution and Ionization, we are indebted to Dr. Eugene C. Sulli- 
van, a pupil of Professor Ostwald, now teaching qualitative analysis. 
The pages upon the Periodic System have been added to afford a more 
connected comparison of the elements than that undertaken in each 
group by itself, in previous editions, and referred to in the preface in 
1874. The use of notation with negative bonds, in balancing equations 
for changes of oxidation, introduced by one of the authors in 1880, 
has been retained substantially as in the last edition. Other authors 
adopt the same notation with various modifications. For the present 
revision there has been a general search of literature, and authorities 
are given for what is less commonly known or more deserving of further 
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inquiry. The number of citations is so large that to save room special 
abbreviation is resorted to. 

For convenient reference, on the part of teachers, students and 
analysts using the book, the section for each element and each acid is 
arranged in uniform divisions. For instance, in each section, solu- 
bilities are given in paragraph 5, the action of alkalis in paragraph 6a, 
the action of sulphur compounds in paragraph 6e, etc. In the para- 
graph (9) for estimations it should be said, nothing more than a general 
statement of methods is given, for the benefit of qualitative study, with- 
out directions and specifications for quantitative work, in which, of 
course, other books must be used. 

The authors desire to say with the fullest appreciation that Perry 
F. Trowbridge, instructor in Organic Chemistry in this University, has 
performed a large amount of labor in this revision, collecting data from 
original authorities, confirming their conclusions by his own experi- 
ments, elaborating material, and making researches upon questions as 
they have arisen. 

University of Michigan, 

April, 1 901. 
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PART I. 

THE PRINCIPLES OF ANALYTICAL CHEMISTRY. 
§1. The Chemical Elements and their Atomic Weights.f 



Name. 



Aluminum .... 
■'Antimony .... 

Argon 

'Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Cassium 

* Calcium , 

* Carbon , 

Cerium , 

'Chlorine 

Chromium 

Cobalt 

Columbium . . . . 
'Copper 

Erbium 

■fluorine 

Gadolinium . . . . 

Gallium 

Germanium . . . . 

Glucinum 

Gold 

Helium 

* Hydrogen 

Indium 

* Iodine 

Iridium 

* Iron 

Krypton 

Lanthanum . . . . 

^I.ead 

-Lithium 

'Magnesium .... 
' Manganese 

* Mercury 

* Molybdenum . . . 



Sym- 
liol. 


H-l. 


0-16. 


Al 


26.9 


27.1 


Sb 


119.5 


120.4 


Ar 


40.? 


40.? 


As 


74.46 


75.0 


Ba 


136.4 


187.40 


Bi 


206.6 


208.1 


B 


10.9 


11.0 


Br 


79.34 


79.95 


Cd 


111.66 


112.4 


Cs 


131.9 


1«2.9 


Ca 


39.8 


40.1 


c • 


11.9 


12.0 


Ce 


188.0 


139.0 


CI 


35.18 


35.46 


Cr 


61.7 


62.1 


Co 


58.55 


69.00 


Cb 


98.0 


98.7 


Cu 


68.1 


68.6 


Er 


164.7 


166.0 


P 


18.9 


19.05 


Gd 


155.8 


157.0 


Ga 


69.5 


70.0 


Ge 


71.9 


72.5 


Gl 


9.0 


9.1- 


Au 


196.7 


197.2 


He 


4.? 


4.? 


H 


1.00 


1.008 


In 


118.1 


114.0 


I 


125.89 


126.85 


Ir 


191.7 


193.1 


Pe 


56.6 


66.9 


Kr 


59.? 


59.? 


La 


187.6 


188.6 


Pb 


205.86 


206.92 


Li 


6.97 


7.08 


Mg 


24.1 


24.8 


Mn 


54.6 


55.0 


Hg 


198.50 


200.0 


Mo 


96.8 


96.0 



Name. 



Neodymium . . . 

Neon 

^Nickel 

Nitrogen 

Osmium 

t)xygen 

Palladium 

Phosphorus ... 

'Platinum 

'Potassium ..... 
Praseodymium. 

Rhodium 

Rubidium .... 
Ruthenium .... 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium .... 

Terbium 

Thallium 

Thorium 

Thulium 

•Tin 

Titanium 

Tungsten 

Uranium 

Vanadium .... 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 



Sym- 
bol. 



Nd 

Ne 

Ni 

N 

Os 

O 

Pd 

P 

Pt 

K 

Pr 

Bh 

Bb 

Bu 

Sm 

So 

Se 

Si 

Ag 

Na 

Sr 

8 

Ta 

Te 

Tr 

Tl 

Th 

Tm 

Sn 

Ti 

W 

u 

V 
X 

Yb 
Y 

Zn 
Zr 



H = l. 



142.6 
20.? 
68.25 
13.98 
189.6 
16.88 
100.2 
80.76 
198.4 
38.82 
139.4 
102.2 
84.75 
100.9 
149.2 
48.8 
78.6 
28.2 
107.11 
22.88 
86.95 
31.83 
181.5 
126.6 
158.8 
202.61 
280.8 
1G9.4 
118.1 
47.8 
182.6 
287.8 
51.0 
? 
171.9 
88.3 
64.9 
89.7 



0=-16. 



148.6 

20.? 

58.70 

14.04 
191.0 
«» 16.000 
107.0 

31.0 
194.9 

89.11 
140.5 
108.0 

85.4 
101.7 
150.8 

44.1 

79.2 

28.4 
107.92 

23.06 

87.60 

82.07 
182.8 
127.6? 
160. 
204.15 
232.6 
170.7 
119.0 

48.15 
184. 
230.0 

51.4 

9 

173.2 
89.0 
65.4 
90.4 



t EiRrhth Annual Report of the Committee on Atomic Weights. P. W. Clarke, J. Am» Soc, 
1901, SS, 90. 

* The atomic weights used in this book are taken 0->16. 



2 TABLE OF THE PERIODIC SYSTEM OF CHEMICAL ELEMENTS. §2. 



g 
> 



s 



g§ 



gs Si 









11. « 

go t- 

02 



WO 
P4pf 



II 'O 






8 



o g « ^ 






•a 



-6 

I 



03 

009 



Wo 
MM 



o 

(N 

00 

II 

QQ 



II 

(5 






o 
QQ 



^ II 



O 



Q li 



3 



ws 



S II s 



o 
id 









op II 



08 



n 



s 



lO 



o 



O 



QQ 



$ II 



2 o 

u a II 

QQ 






o 
O 



II 



o 

(M 

CO 

II 



o 



S 



o 
o 

II 



o ^ 



3 



II i 



o 



eo 

II 



O 



bq 



QQ 



T) II 



to 
U 



"cT" 



II 

S3 
<1 



o 



00 

s 

II 

u 



II 

CS 



M 



II 

B 






s 



"•I 



3 



"^ II s 
II » II 



^ 



X 



§8. DISCUSSION OF THE PERIODIC SYSTEM. 3 

§8. In this system of the chemical elements certain regular gradations 
of chemical character are to be studied and held in view, to simplify the 
multitude of facts observed in analysis. Passing from Li 7.03 to F 19.05 
in the first Series of this system, the elements are successively less and 
less of the nature to constitute bases and more and more of the nature to 
form acids, as their atomic weights increase. The acid-forming elements 
are electro-negative to the elements which form bases.* 

But in passing from 19.05 to the next higher atomic weight, Ha 23.05, 
we return from the acid extreme to the basal extreme and begin another 
period, in gradation through the seven Groups. There is a like return 
from one extreme to the other in the steps between chlorine and potassium 

^ Bases are the oxygen compounds of the metals. Acids are compounds of elements for 
the most part not metals. In the chemical union of sodium with chlorine, for example, 
these two elements differ widely from each other In their varlouH properties. The chlorine 
is the opposite of the sodium In that very power by virtue of which the one combines with 
the other in the making of sodium chloride, a distinct product. In the polarity of electro- 
lysis the sodium is the positive element, while the chlorine is the negative element. The 
power of opposite action exercised by the one element upon the other. In their combination 
together. Is represented by the opi)osItc polarity of the one in relation to the other during 
electrolysis. Electrolysis Is an exercise of the same energy that Is otherwise manifested 
In chemical union or in a chemical change. Strictly speaking, It may be said that it Is only 
in electrical results that a i>osItivo or a negative iwlarity appears. But the term positive 
polarity, applied to sodium because it goes to the negative pole of a battery, Is a term 
which well designates the opposlteness of the chemical action of sodium In its union with 
chlorine. That is to say. the metals are in general ** positive," the not-metals in general 
'* negative.*' in the relation of the former to the latter, and this relation may l>e termed 
one of ** polarity," whether it appear in electrolysis. In chemical combination, or in a 
chemical change. 

In chemical combination, the atoms of each element act with a ** polarity." the extent 
of which may be expressed In terms of hydrogen e<iulvalence or " valence." The valence of 
an element, when In combination with another element, may be counted as relatively 
** positive " or ** negative " to the latter. For example, In the compound known as hydro- 
sulphuric acid, the sulphur is negative, the hydrogen positive, in the relation of one to the 
other, as represented by the diagram, 

\n which the plus and minus signs of mathematics are used to represent the " positive " 
and ** negative " activities of chemical elements. That Is, the sulphur acts with two units 
of valence, both In negative polarity. In sulphuric acid the sulphur is positive in relation 
to both the oxygen and the hydroxy 1, as indicated in the diagram 

(HO)-+ J +-^ 

(HO)-+'' I +-"0 

That is, the sulphur acts with six units of valence, all In positive polarity. In respect to 
oxidation and reduction, the difference between the action of sulphur in hydrosulphurlc 
acid on the one hand, and in sulphuric acid on the other hand. Is a difference equivalent to 
eight units of valence, the combining extent of eight atoms of hydrogen. This value Is in 
agreement with the factors of oxidizing agents In volumetric analysis. 

In the same sense there Is a change of *' polarity " equivalent to the extent of eight units 
of valence. In reducing periodic acid to hydrlodlc acid, in reducing arsenic acid to arslne. or 
in re<luclng carbon tetrachloride to methane. That Is, In any of the groups from IV. to 
VII. there Is a difference', equivalent to the combining extent of eight hydrogen units, b«'- 
tween the negative i)olarity of the element in its regular combination with hydrogen, such 
as NH,, and its positive polarity in its highest combination with oxygen, such as NO, (OH). 



4 DlSClSSIOy OF THE PERIODIC SYSTEM. §4. 

and in those between bromine and rubidium. This fact of a periodic 
return in the gradation of the properties of the elements, as their atomic? 
weights ascend, constitutes a periodic system. A period is termed a Series. 
A Group in this system consists of the corresponding members of all the 
Series, which members are found to agree in valence, so that the number 
of the groups, from I. to VII. (not in VII I. ), expresses the typical 
valence of the elements as grouped. Further inquiry shows that all the 
properties of the elements are in relation to their atomic weights, as they 
appear in the periodic system. But this system is not to be depended upon 
to give information of the facts; it is rather to be used as a compact simpli- 
fication of facts found independently, by the student and by the author- 
ities on whom the student must depend. A full account of the Periodic 
System, as far as it is understood, is left to works on General Chemistry. 

§4. The remarkable position of Group VIII., made up of three series, 
each of three elements near each other in atomic weight, respectively in 
Series 4, 6, and 10, is in central relation to the entire system. In this 
group there is something of a return, from negative to positive polarity, 
from higher to lower valence. Group VIII. lies between Group A^II. and 
Group I., that is to say in this group there is a return from negative to 
positive nature, and from higher to lower valence. Moreover, the newly 
discovered elements related to argon, destitute of combining value as they 
are, appear to constitute a Group 0. The latest results render this position 
of the argon group of elements so probable that it has been placed in the 
chart for convenience of study, subject to further conclusions. (W. Kamsay; 
Br. Assoc. Adv. Sci., 1897, 598-601; B. 1808, 31, 3111. J. L. Howe, C. N., 
1899, 80, 74; 1900, 82, 15, 52. Ostwald, Orundr. Allg. Chem-., 3te Auf., 
1899, S. 45.) In comparison with the members of Group Vll. those of 
Group VIII. certainly have a diminished negative polarity, and a lower 
valence, the latter being easily variable. Some of the particulars are given 
below under the head, " Metals in Relation to Iron." The most remark- 
able thing about Group VIII. is the fact that the return to Group I. from 
Group VIII. is less complete than the return from Group A^II. That is to 
say, the character of copper is divided between Group A^III. and Group I., 
and the same is true of silver and of gold. This relation to Group VIII. 
can be traced, in some particulars, to zinc and cadmium and mercury in 
Group II. For these reasons Series 4 and 5 may be studied as one lomj 
period of seventeen members. Series 6 and 7 as another long period and 
Series 10 and 11 as a third and final long period. 

§5. It is to be observed that each one of the Groups, from I. to VII., ialh 
in two columns, a column consisting of the alternate elements in the group. 
Thus, H, Li, K, Eb and Cs make up the first column of Group I. It is 
among the alternate members of a group that the closer grade-relations of 
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the elements are found. The gradations represented under one column 
are distinct from those under the other in the same group. The well 
known alternate elements of a Group, so far as found clearly graded 
together in respect to given properties, are to be studied as a Family of 
elements. Again a number of elements next each other in a Series are to 
be studied together, either by themselves or with an adjoining half-group. 

For the studies of anal}i^ical chemistry the following given are the more 
strongly marked of the families of the well known elements. 

§6. The Alkali Metals.— U 7.03, (Ha 23.05), K 39.11, Eb 85.4, Cs 132.Sr, 
The first part and sodium of the second part of Group I. In the grada- 
tion of these elements the basal power increases qualitatively with the rise 
in atomic weight. The hydroxides and nearly all salts of these metals are 
freely soluble in water, wherein they are unlike the ordinary metals of all 
the other groups. For the most part, however, these solubilities increase 
with the atomic weight of the metal, and the carbonate and orthophosphate 
of lithium are but slightly soluble. 

§7. The Alkaline Earth Metals,— {TIL% 24.3), Ca 40.1, Sr 87.60, Ba 137.40. 
These metals, like those of the alkalis, form stronger bases as they have 
higher atomic weights. Both in Group I. and in Group II. the member 
in Series 3 (Na, Mg), though in the second set of alternate members, agrees 
in many ways with the next three of the iSrst set of alternates. The 
hydroxides of these metals are not freely soluble in water but are regularly 
more soluble as the atomic weight of the metal is higher. The sulphides 
are freely soluble; the carbonates and orthophosphates quite insoluble. 
The sulphates have a graded solubility, decreasing as the atomic weight 
is higher, an order of gradation the reverse of that of the hydroxides and 
of wider range. That is, at one extreme the magnesium sulphate is freely 
soluble, at the other barium sulphate is insoluble. 

§8. The Zinc Family,— TKg 24.3, (Al 27.1), Zn 65.4, Cd 112.4, , 

Hg 200.0. These metals, save aluminum, belong to the second alternates of 
Group II., and, like those of the corresponding half of Group I., in their 
gradation they are in general less strongly basal as they rise in their atomic 
weights. Aluminum, here drawn in from Group III. second half, has the 
valence of the third group, and differs from the others in not forming a 
sulphide. The sulphide of magnesium is soluble, the sulphides of zinc, 
cadmium and mercury insoluble in water, and these three show this grada- 
tion, that the zinc sulphide is the one dissolved by dilute acid, while the 
mercury sulphide is the one requiring a special strong acid to dissolve it. 
both these differences being depended upon in analysis. Mercur}', sepa- 
rated from cadmium by two removes in the periodic order, is but a distant 
member of this family. 

§9. Metals in Relation to Iron,— Cr 52.1, Mn 55.0, Fc 55.9, Hi 58.70, 
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Co 59.00. The atomic weightn of these metals lie nearly together. They 
all belong to one Series, the fourth, representing Groups VI. and VII., 
and make the first of the instances of three members together in one series 
in Group VIII. Chromium, being in the first division of its group, could 
not be expected to grade with sulphur and selenium, nor would manganese 
be expected to grade with chlorine and bromine, but the disparity is strik- 
ing in both cases, especially in the comparison of melting points. The 
valence of both chromium and manganese appears partly exceptional to 
their ])()8ition8 in the system but the maximum valence of each is regular. 
That all of these five elements, neighbors to chlorine and bromine, are 
counted as metals, is not contrary to the periodic order. Group VIII. binds 
Group 1. to Group VII. After Co 59.00 follow Cu 63.G and then Zn 65.4. 
Indeed each of " the well-known metals related to iron " is capable of serv- 
ing as either a base or an acid, by change of valence. These metals are the 
special subjects of oxidation and reduction. So far they resemble their 
non-metallic neighbors, the halogens. Of the five, chromium and man- 
ganese (nearest the halogens) form the best known acids. Nickel and 
cobalt, like copper, have a narrower range of valence, a more limited extent 
of oxidation and reduction, within which they as readily act. These 
valences, in capacity of combination with other elements, not including the 
most unusual valences, may be written in symbols as follows: 

2-3-6 2-3-4-6-7 2-3-6 2-3 2-3 1-2 2 

Cr , Mn , ^e 9 ^^ > Co , Cu , Zn 

On reaching zinc, 65.4, in this gradation, the capacity of oxidation and 
reduction disappears. Sulphides are formed by such of these metals as act 
with a valence of two (all except chromium), and these sulphides are insolu- 
ble in water. In the conditions of precipitation sulphides are not formed 
with the metal in any valence other than two. Chromium acting as a 
base with a valence of three, like aluminum whose only valence is three, 
refuses to unite with sulphur. Trivalent iron in precipitation by sulphides 
is mainly reduced to ferrous sulphide (FeS). In chromates the chromium 
valence is reduced from six to three by hydrogen sul])hide acting in solu- 
tion. A carbonate is not formed by chromium, this being another agree- 
ment with aluminum, and the same is true of trivalent iron. 

§10. The Metals not Alkalis in Group /., Second Part, and their Relatives 

in Group VIII.— Cu 63.6, Ag lOr.92, , Au 197.2. In gradation these 

metals are less strongly basal, and more easily reduced from their com- 
pounds to the metallic state, as their atomic weights rise. This is in agree- 
ment with the gradation among the second set of alternates in Group II.. 
the Zinc Family. It likewise agrees with second part of Group VII., the 
halogens. These elements of Group I. are to be studied with those of 
Group VIII., especially with those respectively nearest them in atomic 
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weight: Cn 63.6 with Hi 58.70 and Co 59.00, Ag 107.92 with Pd 107.0, and 
An 197.2 with Pt 194.9. Those with atomic weights above that of copper 
rank as "noble metals/* from their resistance to oxidation and other 
qualities, so ranking in higher degree as their atomic weights increase. 
Their melting points (those of Pd, Ag, Au, Pt) rise in the same gradation. 

By action of ammonium hydroxide upon solutions of their salts these 
(seven) metals form metal ammonium compounds, all of which are soluble 
in water except the compounds of platinum and gold (highest in atomic 
weight). All of the seven named form sulphides insoluble in water, in 
condition of precipitation. For the most part their sulphides are relatively 
more stable than their oxides. Silver differs from the others in the insolu- 
bility of its chloride, and agrees irregularly in this fact, one prominent in 
analysis, with mercury in its lower valence, and partly with lead. 

§11. The Nitrogen Family of Elements.— If 14.04, P 31.0, As 75.0, 

Sb 120.4, , Bi 208.1. The entire second part of Group V., and from 

the first part the Leading Element of the group. Nitrogen and phosphorus 
count as non-metals, antimony and bismuth as metals, arsenic as inter- 
mediate, the polarity being more positive as the atomic weight increases. 
In combinations with hydrogen, like ammonia and ammonium compounds, 
phosphine and phosphonium salts, and also like analogous organic bases 
where carbo-hydrogen takes the place of a part or all of the hydrogen, there 
is a remarkable unity of type in this family. The same is true of the com- 
binations with oxygen, like nitric acid. It is in Group V. that the group 
valence for oxygen begins to diverge in gradation from the group valence 
for hydrogen. In ammonium compounds nitrogen exercises a valence of 
five, it doubtless is true, but this total of five units is always limited in 
polarity to a balance of three negative units at most. In ammonia: 
H - » . HHH. In ammonium chloride : H - * + ^ = - \ HHHHCl. Bismuth 
is a distant member, a vacancy falling between it and antimony. 

Phosphorus, arsenic and antimony are in gradation with each other as 
to their indifference to chemical combination and readiness of reduction to 
the elemental state, these qualities intensifying with the rise in atomic 
weight. In this gradation nitrogen, belonging among the other alternate 
members, has no part. In its chemical indifference it stands in extreme 
contrast to phosphorus. 

§12. Relation of Tin and Lead to the Nitrogen Family. — These metals 
are in Group IV., each combining both as dyad and tetrad, a valence dis-' 
tinctly imlike the valence of the nitrogen family, which is entirely regular 
for Group V. In Series 7: Sn 119.0, Sb 120.4. In Series 11: Pb 206.92, 
Bi 208.1. The metals in the first named pair are two removes from those 
in the second pair, all being among the second alternate members. In their 
salts tin and antimony are more easily subject to changes of valence than 
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are lead and bismuth. In further comparison, arsenic, in its deportment 
as a metal, may be included, making the list: As 75.0, Sb 120.4 (Sn 119.0), 
Bi 208.1, (Pb 20G.92). Of these, only arsenic forms a higher oxide soluble in 
water (separation after treatment with nitric acid and evaporation). Arsenic 
and antimony form gaseous hydrides, in this agreeing with phosphorus and 
nitrogen, the others do not. The stability of the hydrides of H, P, As, Sb, 
all in the type of ammonia, is in the ratio inverse to that of the atomic 
weight. All of these metals are precipitable as hydroxides save arsenic, 
all are precipitated as sulphides, and these have chemical solubilities some- 
what in gradation with atomic weights, the arsenic sulphide being most 
fully separable by chemical solvents. The sparing solubility of the chloride 
of lead, referred to in description of silver, is approached by the insolu- 
bility of the oxy-chlorides of bismuth, tin, and antimony, and this fact 
must be borne in mind, when precipitation by hydrochloric acid is employed 
for separation of silver and univalent mercury in analysfs. 

Nitrogen in its trivalent imion with hydrogen, the leading element of the 
group of alkali metals, constitutes an active alkali. In its prevalent union 
with oxygen, the leading element of Group VI., that is with oxygen and 
hydroxyl, nitrogen forms an acid which is very active though not very 
stable, its decomposition being represented by its gunpowder salt. The 
degree of negative polarity of nitrogen, or its capacity for acid formation, 
in accordance with its place next to oxygen among the atomic weights, is 
shown in that singular instable body, hydronitric acid, HNg, of decided 
acid power, constituting well marked salts, such as Ha Kg, in which a ring 
of nitrogen alone acts as an acid radical. The first four members of the 
nitrogen family agree with each other in forming trivalent and pentavalent 
anhydrides and acids, the pentavalent ones being the more stable. The 
pentavalent acids are of especial interest. In nitric acid the five units of 
positive valence of an atom of nitrogen are met by two atoms of oxygen 
with two units each of negative valence and a unit of negative valence 

of hydroxyl: H — — J^^q. The same constitution is found in metaphos- 

phoric acid HO P 0^ , meta-arsenic acid HO As Oo , and in antimonic acid 
HO Sb Oo. The so-called ortho acids, phosphoric and arsenic, have the 
constitution (HO)^ P and (HO).., As , respectively. Phos])horic and 
arsenic acids have a remarkable likeness to each other in nearly all the 
properties of all their salts, behaving alike in analysis so long as preserved 
from action of reducing agents. These sharply separate arsenic, usually in 
one of its trivalent forms, AsHg or ASoS.^ . Antimony is reduced from its 
acid even more readily than is arsenic, in accordance with the gradation 
stated above. 

In the solubility of its metal salts the acid of nitrogen is, again, in 
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strong contrast with the acids of the elements of the second part, phos- 
phoric and arsenic acids. Metal nitrates are generally all soluble in water. 
Of the metal phosphates and arsenates, that is the full metallic salts of 
phosphoric and arsenic acids, in their several forms, only those of the alkali 
metals dissolve in water. 

§13. Th^ Halogens.— T 19.05, CI 35.45, Br 79.95, I 126.85. The lead- 
ing element of Group VII., one of its first set of alternate members, 
and the three known members of the second alternates. In the halogen 
family fluorine has a relation like that of nitrogen in its family, taking 
part in the group gradation as to polarity, solubility of compounds and 
qther qualities, but standing quite by itself in respect to certain properties. 
It is the most strongly electro-negative of the known elements, a fact in 
accord with the relation of its atomic weight. 

For the common work of analysis we may confine our study of the 
halogens to chlorine, bromine, and iodine. In the order of their atomic 
weights, these elements appear, respectively, in gaseous, liquid, and solid 
state, under common conditions. Their hydrogen acids, HCl , HBr , and 
HI, show a stability in proportion to the electro-negative polarity of the 
halogen, hydriodic acid being so unstable as to suffer decomposition in the 
air. In the solubility of their metal salts these acids are nearly alike, all 
being soluble except the silver, univalent mercury, and lead salts, but the 
iodides of divalent mercury, bismuth and divalent palladium are sparingly 
soluble. Each of these halogens, most especially iodine, forms a class of 
salts each containing two metals, one of the united metals being that of an 
alkali, such as (KI)2 Hglj and Kj Ft Cl„ . The periodides show that iodine 
atoms have a power of uniting with each other, in the molecules of salts, 
a power partly shared by bromine and chlorine and probably exercised in 
many complex halogen compounds. By this means two atoms of a halogen 
may serve the same as one atom of oxygen, in the linkings of molecular 
structure. 

Of the oxygen acids of chlorine, bromine and iodine, those in which the 
halogen has a valence of five are more stable than the others. These acids 
are chloric, HOClOg; bromic, HOBrO^; and iodic, HOIO2. Chloric acid 
agrees with nitric acid, HO N Oo , in the fact that it forms soluble salts with 
all the metals. Chlorates decompose more violently than nitrates; iodates 
for the most part less readily than the latter. Of the oxygen acids with 
a halogen valence of seven, periodic acid, HO I O3 , also (H0)5 1 , is pre- 
served intact without difllculty. 

SS14. The Belations of Sulphur.— S 32.07. Sulphur is the first member 
of a family including selenium and tellurium. It differs from oxygen 
almost as much as phosphorus differs from nitrogen, and we may say more 
than silicon differs from carbon. The higher valence of Group VI., exer- 
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cised toward oxygen, cannot be met by oxygen itself. Of the acids of 
sulphur, HjS , in which sulphur has two electro-negative units of valence, 
is quite unstable, while (H0)2 S Oj , in which the sulphur has sLx electro- 
positive units of valence, is the most stable. The sulphides (salts of HoS) 
of the heavier metals quite generally are insoluble in water, an important 
means of separation in analysis. The sulphates (salts of HaSO^j) of the 
larger number of the metals are soluble in water, the exceptions being 
important to observe, those of Pb 206.92, Ba 137.40, Sr 87.60, and (with 
sparing solubility) Ca 40.1. Of these sulphates, that of barium (least solu- 
ble), is the one usually employed in analytical separation. 

§16. The' Relations of Carbon. — C 12.0. Carbon, in a central position 
in respect, to polarity, stands alone in its capacity for a multitude of dis- 
tinct compounds with hydrogen and oxygen, with and without nitrogen, 
these being the so-called organic compounds. This capacity goes with 
the power of carbon atoms to unite with each other in the same mole- 
cule. It appears in acetylene CaH2(HC=CH), also in oxalic acid, 
(HO) OC — C (0 H). The same capacity of union of the atoms of an 
element with each other, in the molecules of compounds, is exorcised 
by other elements in fewer instances, as by nitrogen in hydronitric acid, 
by oxygen in ozone, by sulphur in thiosulphuric acid, and by iodine 
in periodides. In carbon, nitrogen, and oxygen we see a decreasing grada- 
tion of this capacity, as the atomic weights ascend. Silicon, next to carbon 
in Group IV., but in the opposite set of alternates, agrees with carbon in 
the formation of many corresponding compounds, while it is entirely desti- 
tute of the capacity of uniting its atoms to each other in building up 
combinations. 



§16. The Classification of the Hetals as Bases. 

The grouping of all the elements, both metals and not metals, according 
to their properties as related to their atomic weights, is the object of The 
Periodic System, briefly given in the foregoing pages for studies bearing 
especially upon the main methods of analysis. 

The ordinary' grouping of the bases in the work of analysis, outlined in 
the next ])aragraph, is done by the action of a few diomical agents, termed 
"group reagents," which have been chosen from a largo numl)or of re- 
agents, as being more satisfactory than others, for the use of tlie greater 
number of analysts. This ordinary grouping, theroforo, is not the only 
way in which the metals can bo separated, in the practice of analytical 
chemistry, nor is any one scheme of separation ado])tod throughout by all 
authorities. The i)rincipal se]varations of analysis can bo well understood 
by gaining an acquaintance with the properties of tlm knrlinfj hnsefi and acids, 
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in their action upon each other. Without this acquaintance, the analyst is 
the servant of routine, and his results liable to fallacy. 
The following named are the bases of more common occurrence. 



The Alkali Bases. 
The sixth group* 



Potassium (Kalium), r.t 



Sodium (Natrium), Ha^ 



Ammonium, (NH4)^ 



The Alkaline Earth Bases. 

The fifth group. 

Magnesium, Mgf^^. 



Calcium, Strontium, Barium, 'Ca". 
Sr«, Ba". 



Not precipitated from their salts 
by any of the group reagents. Potas- 
sium and sodium are found after re- 
moving all the following named 
groups. Ammonium is found by 
tests of the original, this base being 
added in the " group reagents." 

In combination in potassium hy- 
droxide, EOH, and in potassium 
salts, such as the chloride KCl , and 
the nitrate, KNO, . 

In the base, sodium hydroxide and 
its salts. 

Forms ammonium hydroxide. 
NH4OH , representing ammonia, 
NHa , and water, and serving as the 
base of ammonium salts, such as 
(11X4)2804 , ammonium sulphate. 

(Precipitated by carbonates, which 
fact alone does not separate them 
from the following named groups.) 

Separated by precipitation as a 
phosphate after removing all the fol- 
lowing named bases. VoTm< magne- 
sium hydroxide, Hg(OH)o , and mag- 
nesium salts, such as HgSO^ . 

Separated by precipitation irifh 
Ammonium Carbonate, adding 
ITH4CI to keep magnesium front prr- 
cipifation. Calcium carbonate, a 
normal salt, CaCO., . 



• The sixth division of the bases, in the order In which they are separated from each other by 
precipitation with the ffroup reagents. 

tTho Roman numerals (as ») express units of valence, each etiuivalcnt to an atom of 
hydrogen, in the formation of salts and other combinatioLS. 
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The Zinc and Iron Groups. 



The Zinc Oronp. 

Tlie fourth group. 
Zn": zinc salts. 
Hn^^: manganoiis salts. 
Mn"^: manganic salts. 
Mn^: salts unstable. 
Mn^^: salts of manganic acid. 
Mn^^: salts of permanganic acid. 
Hi": nickel salts. 
Co": cobaltous salts. 
Co^": cobaltic salts. 

The Iron Oronp. 

The third group. 
Fe" : ferrous salts. 
Fe"^ : ferric salts. 
Cr"^: chromic salts. 
Cr^: cliromates. 
Al"^: aluminum salts. 

Metals falling with Copper and Tin. 

The second group. 

The Copper Group. 

Division B, second group. 

Mercury (Hydrargyrum). 
Hg": mercuric salts. 
Hg': morcuroii? salts. 

Silver (Argontiim). 
Ag^: silver salts. 

Lead (TMiimbum). 
Pb": load salts. 
Bi"^: bismuth salts. 
Cu": copper or cuprie salts. 
Cu^: eii]iroii- salts. 
Cd": cadmium salts. 



(Precipitated by sulphides, this 
being a separation from the fore- 
going, not from the following named 
groups of bases.) 

Separated by precipitation with 
Ammonium Sulphide, after removal 
of all the follotving named bases as 
directed below. (The precipitates 
are all sulphides.) 



Separated by precipitation with 
Ammonium Hydroxide, in presence 
of NH^Cl , after the removal of the 
groups named following. (The pre- 
cipitates are all hydroxides.) 



Precipitated by HjS in acidulated 
solution. (The precipitates are sul- 
phides.) 

Sei)arated by the insolubility of 
the precipitated sulphides in treat- 
ment with Ammonium Sulphide. 
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The Tin Oronp. 

Division A, second group, 
Sn" : stannous salts. 
Sn'^: stannic salts and stannates. 
SV": antimonous compounds. 
Sb^: antimonic compounds. 
As"': arsenous compounds. 
Ab^: arsenic compounds and arsen- 
ates. 

Metals Precipitated as Chlorides. 
The Silver Group. 
The first group. 



Separated by dissolving the pre- 
cipitated sulphides with Ammonium 
Sulphide. 



The silver, lead, and univalent 
mercury, grouped in the division last 
above given. Silver and the mer- 
cury of mercurous salts can be re- 
moved, as chlorides, by precipitation 
with hydrochloric acid. The precip- 
itate of lead is not insoluble enough 
to remove this metal entirely, in sep- 
aration from other groups. 



§17. The Acids op Certain Commonly Occurring Salts. 



Name of Acid. 


Name of Salt. 


Formula. 


ShowinfiT Hydroxyl. 


Anhydride. 


Carbonic 


Carbonate 


H,CO. 


(HO)2CivO 


CO, 


Oxalic 


Oxalate 


H,C.O, 


(HO),C,ivO, 


c.o. 


Nitric 


Nitrate 


HNO, 


(HO)NVO, 


N,0. 


Nitrous 


Nitrite 


HNO, 


(HO)NinO 


N,0. 


I'hosphoric (ortho) 


Phosphate 


H.PO, 


(H0),PV0 


P,0. 


Metaphosphoric 


Metaphosphate 


^HPO. 


(HO)PVO, 


PaO. 


Pyrophosphoric 


Pyrophosphate 


H,P,0, 


(H0),PV,0. 


PaO. 


Sulphuric 


Sulphate 


H,SO, 


(HO),Svib. 


SO. 


Sulphurous 


Sulphite 


H,SO. 




SO, 


Hydrosulphuric 


Sulphide 


H,S 






Hydrochloric 


Chloride 


HCl 






Ilydrobromic 


Bromide 


HBr 






Tlydriodic 


Iodide 


HI 






Chloric 


Chlorate 


HCIO, 


(HO)ClvO, 


ci,o, 


Iodic 


lodate 


HIO, 


(HO)IVO, 


1,0. 



The Operations of Analysis. 

§18. Chemical analysis is the determination of any or all of the compo- 
nents of a given portion of matter, whether this be solid, liquid or gaseous. 
A portion of matter is made up of one or more definite and distinct sul)- 
stanccs, or chemical individuals, each of which is either a "compound " or 
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an " element '' and is always and everywhere the same. It is required of 
analysis to determine a chemical compound as a body distinct from the 
chemical elements that have formed it. For example, the analyst may 
have in hand a mixture containing sodium sulphate, Na2804 ; sodium sul- 
phite, NasSO.^ , and sodium thiosulphate, NajS^O, , but not containing any 
sodium or sulphur or oxygen as these bodies are severally known to the 
world and described in chemistry. In this instance the analyst in his 
ordinary work does not separate the sulphur or the sodium, as elements 
unconibined with oxygen, either in qualitative or in quantitative oper- 
ations. Each one of the compounds of the sulphur with the oxygen is 
usually sought for and found and weighed as a chemical individual. Cer- 
tain of the chemical elements, however, are frequently separated free from 
all combination, as a method of determination of their compounds. 

§19. The analysis of gaseous material is termed Gas Analysis; that of 
mixtures of the complex compounds of carbon. Organic Analysis. An 
examination of organic matter, when limited to a determination of its ulti- 
mate chemical elements is styled Ultimate Organic Analysis. When it is 
undertaken to determine individual carbon compounds actually existing in 
organic matter, it has been spoken of as Proximate Organic Analysis. If 
the same distinction were to be applied to inorganic analysis, we should 
have to say that it is mostly " proximate ^' but is sometimes " ultimate '^ 
in its methods of operation. 

§20. The term Qualitative Chemical Analysis as commonly used is con- 
fined to a cliemieal examination of material, chiefly inorganic, in the solid 
or liquid state, the inquiry being limited for the most part to well known 
substances. 

§21. In the methods of analysis of a mixture, it is often required to 
separate individual substances from each other, but sometimes a distinct 
com])oimd can be identified and sometimes its quantity can be estimated 
while it is in the presence of other bodies. Both the identification and 
separation are accomplished, nearly always, by effecting changes, physical 
and chemical. 

Methods of analysis are as numerous as are the w^ays of bringing into 
action the physical and chemical forces by which chemical changes are 
wrought. The characteristics of any chemical individual, by which it is 
, distinguished and removed from others, lie in its responses to the physical 
and chemical forces, including especially the chemical action of certain 
well known compounds called reagents. 

§22. The resi)onse toward heat and pressure fixes the melting and boiling 
points, its ordinary solid or liquid or gaseous state. The operations " in 
the dry way " are done over a flame or in a furnace, with or without solid 
"reagents" and with regard to oxidation. They represent some of the 
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methods of metallurgical manufacture. The liquid state, whether by 
fusing or by solution, is the state commonly necessary or favorable to chem- 
ical change and its control. 

§23. The deportment of a solid substance toward light comprises its 
color and that of its solutions, as well as that of its vapor, in ordinary light, 
and the bands and primary colors it exhibits in the uses of the spectroscope 
(Crookes, J. C, 1889, 66, 255; Welsbaeh, M., 1885, 6, 47). 

§24. The conduct of a chemical compound in electrolysis is, in various 
cases, a means both of identification and of separation. Electric conduc- 
tivity methods are used for establishing the presence or absence of minute 
traces of substances (Kohlrausch Whitney, Z. phys. Ch,, 1896, 20, 44). 
Again, traces of dissolved matters too minute for other means of detection 
can be revealed by the difference of electric potential between electrode and 
solution (Ostwald, Lehrh,, 2 Aufl., II, 1, 881; Behrend, Z. phys. Ch., 1893, 
11, 466; Hulett, Z. phys. Ch., 1900, 33, 611). 

§26. By far the most extensive of the resources of analysis lie in the 
chemical reaction of one definite and distinct substance with another, ac- 
cording to the character of each, giving rise to a chemical product having 
peculiarities of its own in evidence of its origin. In this way the com- 
pounds are bound in regular relations to each other. Therefore it belongs 
to the analyst to gain personal acquaintance with the behavior of the repre- 
sentative constituent bases and acids toward each other. 

§26. Operations for chemical change are commonly conducted in solu- 
tion. The material for analysis is dissolved, and is treated with reagents 
that are in solution. A solid or a gas is dissolved in a liquid in making a 
solution. \Vhen the dissolved substance is converted into one that will 
not dissolve a precipitate is formed. It is necessary therefore to under- 
stand the nature of solution and to give heed to its obvious limitations. 
Certain facts and conclusions as to the chemical state of dissolved com- 
pounds are presented under the head next following, " Solution and Ioniza- 
tion." But it must first be observed that the universal solvent, water, is 
always understood to be present in somewhat indefinite proportion in opera- 
tions " in the wet way." It serves as a vehicle, as such not being included 
in any statement of the substances operated upon, nor formulated in equa- 
tions, any more than is the material of the test tube, but often some portion 
of it enters into combination or suffers decomposition, and then it must be 
placed among the substances engaged in chemical change. 

§27. No other property of substances has so great importance in analysis 
and in all chemical operations, as their solubility in water. It must never 
be forgotten that there are degrees of solubility, but tliere is hardly such a 
fact as absolute solubility, or insolubility, regardless of the proportion 
of the solvent. There are liquids which are miscible with each other 
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in all proportions, but solids seldom dissolve in all proportions of the sol- 
vent, neither do gases. For every solid or gas, there is a least quantity of 
solvent which can dissolve it. One part of potassium hydroxide is soluble 
in one-half part of water (or in any greater quantity), but not in a less 
quantity of the solvent. One part of sodium chloride requires at least two 
and a half parts of water to dissolve it. One part of mercuric chloride will 
dissolve in two parts of water at 100 degrees, but when cooled to 15 degrees 
so much of the salt recrystallizes from the solution, that it needs twelve 
parts more of water at the latter temperature to keep a perfect solution. 
Lead (hloride dissolves in al)out twenty parts of hot water, about half of 
the salt separating from the solution when cold. Calcium sulphate dis- 
solves in al)out 500 times its weight of water — this dilute solution forming 
one of the ordinary reagents. Barium sulphate is one of the least soluble 
precipitates obtained, requiring about 430,000 parts of water for its solution 
at ordinary temperature (Hollemann, Z. phys. Ch., 1893, 12, 131). In ordi- 
nary reactions it is not appreciably soluble in water. Lead sulphate dis- 
solves in about 21,000 parts of water: in many operations this solubility 
may be disregarded, but in quantitative analysis the precipitate is washed 
with alcohol instead of water, losing less weight with the former solvent. 
These examples indicate the necessity of discriminating between degrees of 
solubility. Also the solubility of a particular compound is dependent upon 
the physical form of that compound (§69, 5 h) ; e. g., amorphous magnesium 
ammonium phosphate is quite soluble in water, the crystalline salt being 
almost insoluble. AVhen a solvent has dissolved all of a substance that it 
can at a particular temperature, in contact with the solid, the solution is 
said to be saturated at that temperature. It frequently happens that a 
saturated solution of a substance at a higher temperature may be cooled 
without separation of the solid. Such a solution (at the lower temperature) 
is said to be supersaturated and precipitation frequently is induced by 
jarring the solution, more surely by adding a crystal of the dissolved sub- 
stance. 

§28. The ordinary liquid reagents are solutions in water — sulphuric acid 
and carbon disulphide being exceptions. Hydrochloric acid, liquid hydro- 
sulphuric acid, and ammonium hydroxide (reagents) are solutions of gases 
in water; on exposure to the air these gases gradually separate from their 
solutions. All these gases escape much more rapidly when their solutions 
are warmed. The majority of liquid reagents are solids in aqueous solu- 
tion. (See the list of Reagents.) 

§29. Substances are said to dissolve in acids, or in alkalis, and this is 
termed chemical solution; more definitively it is chemical action and solu- 
tion, the solution being counted as a physical change. We say that cal- 
cium oxide dissolves (chemically) in hydrochloric acid; that is, in the 
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reagent named hydrochloric acid, a mixture of that acid and water. The 
acid unites with the calcium oxide, forming a soluble solid, which the water 
dissolves. Absolute hydrochloric acid cannot dissolve calcium oxide. 

§30. Solids can be obtained, without chemical change, from their aqueous 
solutions: Firstly, by evaporation of the water. This is done by a careful 
application of heat. Secondly, solids can be removed from solution, with- 
out chemical change, by (physical) precipitation — ^accomplished l)y modify- 
ing the solvent. If a solution of potassium carbonate, or of ferrous sul- 
phate, be dropped into alcohol, a precipitate is obtained, because the salts 
will not dissolve, or remain dissolved, in the mixture of alcohol and water. 
But, in analysis, precipitation is more often effected by changing the dis- 
solved substance instead of the solvent. 

§31. Solids can be separated from their solution by precipitation due to 
chemical change, to the extent that the product is insoluble in the quantity 
of the solvent present. Calcium can be in part precipitated from not too 
dilute solutions of its salts, by addition of sulphuric acid; but there still 
remains not precipitated the amount of calcium sulphate soluble in the 
water and acid present, which is enough to give an abundant precipitate 
with ammonium oxalate, the precipitated sulphate being previously re- 
moved by filtration. 

Time and heat are required for the completion of most precipita- 
tions. If it is necessary to remove a substance, by precipitation, before 
testing for another substance, the mixture should be warmed and allowed 
to stand for some time, before filtration. Neglect of these precautions often 
occasions a double failure; the true indication is lost, and a false indication 
is obtained. 

§32. Reagents should be added in very small portions, generally drop by 
drop. Often the first drop is enough. Sometimes the precipitate redis- 
solves in the reagent that produced it, and this is ascertained if the reagent 
be added in small portions, with observation of the result of each addition. 
If it is a final test, a quantity of precipitate which is clearly visible is suffi- 
cient, but if the precipitate is to be filtered out and dissolved, a considerable 
quantity should be formed. If the precipitate is to be removed and the 
filtrate tested further, the precipitation must be completed — by adding the 
reagent as long as the precipitate increases, with the warmth and time 
requisite in the operation; and a drop of the same reagent should be added 
to the filtrate to obtain assurance that the precipitation has been completed. 
It will be foimd, with a little experience, that some reagents must be used 
in relatively large quantities. On the contrary, the acids, sulphuric, hydro- 
chloric and nitric, are required in a volume relatively very small. 

§33. Certain very exact methods of identification can be conducted by 
drop tests upon a black or white ground, or upon a glass slide and especially 
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with help of a microscope and with studies of crystalline form. Further 
sec Behrens, Z. 1891, 30, 125; and Herrnschmidt and Capelle, Z. 1893, 32, 

<>08. 

J534. Precipitates are removed — usually by filtration, sometimes by decan- 
tation. If they are to be dissolved, they must be first washed till free from 
all the substances in solution. For complete precipitation some excess of 
the reagent must have been used. Beside the reagent there are other dis- 
soIvlmI matters, after j)reci]»itations, some of which are indicated by the 
cMjuatinn written for the change. All these dissolved substances permeate 
ami adhere to the porous ])recipitate with greater or less tenacity. If they 
are not wholly washed away, some portion of them will be mixed with the 
<li.-s()lve(l ]>reeipitate. Then, the separation of substances, the only object 
of the preci])itation is not aecomplished, while the operator, proceeding 
just as though it was accom])lished, undertakes to identify the members of 
a group ])y reactions on a mixture of groups. The washing, on the filter, 
is best (•om])lete(l by re]>eated additions of small portions of water — around 
the filter border, from the wash bottle — allowing each portion to pass 
through Ijeiore another is added. The washings should be tested, from 
time to time, until they are free from dissolved substances. 

S35. Tn dissolving precipitates — by aid of acids or other agents — use 
tlie least })ossil)le excess of the solvent. Endeavor to obtain a solution 
nearly or quite saturated, chemically. If a large excess of acid is carried 
into the solution to be operated upon, it usually has to be neutralized, and 
the solution then becomes so greatly encumbered and diluted that reactions 
l)ecome faint or inappreciable, rrecijntates may be dissolved on the filter. • 
without excess of solvent, by passing the same portion of the (diluted) 
solvent repeatedly through the filter, following it once or twice with a few 
dro])s of water. The mineral acids should be diluted to the extent required 
in each case. For solution of small quantities of carbonates and some 
other easily soluble precipitates the acids may be diluted with fifty times 
their weight of water. Washed precipitates may also be dissolved in the 
test-tube, by rinsing them from the filter, through a puncture made in its 
])oint, with a very little water. If the filter be wetted before filtration, the 
preci]utate will not adhere to it so closely. 

§36. AVhen the addition of a reagent is to cause a change in the acid, 
alkaline or neutral condition of the solution, the addition of sufficient 
reagent to cause the desired change should always be governed by testing 
a drop of the solution, on a glass rod, with a piece of litmus paper. 

§37. AVhen substances in separate solution are brought together, an 
evidence of the formation of a new substance is the appearance of a solid 
in the mixture, a precipitate. A chemical change between dissolved sub- 
stances — salts, acids, and bases — will be practically complete when one or 
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more of the products of such change is a solid or a gas, not soluble in the 
mixture. As an example, Calcium carbonate + Hydrochloric acid = Cal- 
cium chloride + Water + Carbon dioxide (gas). 

§38. In the practice of qualitative analj^sis, the student necessarily refers 
to authority for the composition of precipitates and other products. For 
example, when the solution of a carbonate is added to the solution of a 
calcium salt, a precipitate is obtained; and it has been ascertained by quanti- 
tative analysis that this precipitate is normal calcium carbonate, CaCO^ , 
invariably. Were there no authorized statement of the composition of this 
precipitate, the student would be unable, without making a quantitative 
analysis, to declare its formula or to write the equation for its production. 
AMien the results of analytical operations are substances of unknown, uncer- 
tain, or variable composition, equations cannot be given for them. 

§39. The written equation represents only the substances, and the quan- 
tity of each, which actually undergo the chemical change that is to be 
expressed. Thus, if a reagent is used to effect complete precipitation, an 
excess of it must be employed, beyond the ratio of its combining weight in 
the equation. That is, if magnesium sulphate be employed to precipitate 
barium chloride, the exact relative amount of magnesium sulphate indicated 
by the equation: BaCU + HgSO^ = BaSO^ + MgClj , fails to precipitate all 
of the barium. The soluble sulphate must be in a slight excess. On the 
other hand, to effect complete precipitation of the sulphate the barium 
must be in a slight excess. 

§40. By translating chemical equations into statements of proportional 
parts by weight, they are prepared to serve as standard data of absolutely 
pure materials, and applicable in operations of manufacture, with large or 
small quantities, after making due allowance for moisture and other im- 
' purities, necessary excess, etc. In quantitative analysis the equation is the 
constant reliance. For example, in dissolving iron by the aid of hydro- 
chloric acid, we have the equation: 

re + 2HC1 = FeCla + H, . 
56 + 72.9 = 126.9 + 2 . 

Also in precipitating ferrous chloride by sodium phosphate, we have the 
equation: 

FeCl, + Na,HF04,12H,0 = FeHPO« + 2NaCl + 12H,0 . 

126.9 + (142.1 + 216) = 152 + 117 . 

Suppose it is desired to determine from the above: 

(1) How much hydrochloric acid, strength 32 per cent, is required to 
dissolve 100 paris of iron wire. 

(2) What quantities of 32 per cent hydrochloric acid and iron wire are 
necessary to use in preparing 100 parts of absolute ferrous chloride. 
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(3) WTiat materials and what quantities of them, may be used in prepar- 
ing' 100 i)art8 of ferrous phosj)hRte. 

In practice allowance must be made for the facts that the iron wire will 
not be (juite ])ure, and that a considerable excess of the hydrochloric acid 
would be necessar}' to the complete solution of the iron. Also that some 
excess of the i)hosphate would be necessary to the full precipitation of the 
iron. Irresi)ective of impurities, oxidation product and excess, the re- 
quired quantities are found by the combining w^eights as follows: 

^ f 56/72.9 = lOO/x ^ parts of absolute HCl for 100 parts of iron wire. 
' \ 32/100 = x/y = parts of 32 per cent HCl for 100 parts of iron wire. 



( 126.9/72.9 = lOO/x 
I, I 32/100 = x/y = parts of 32 
[ 126.9/56 = lOO/z = parts of 



per cent HCl for 100 parts of FeCl, , absolute, 
iron wire for 100 parts of FeClj. 

' 152/72.9 = lOO/x 
g ^ 32/100 = x/y = parts of 32 per cent HCl for 100 parts of FeHPO*. 
152/56 = lOO/z = parts of metallic iron for 100 parts of FeHPO*. 
, 152/358.1 = lOO/u = parts of Na2HP04,12H,0 for 100 parts of FeHPO^. 

Practice in reducing the combining numbers of the terms in an equation 
to simple parts by weight, is a very instructive exercise, even in the early 
part of qualitative chemistry. It enforces correct and clear ideas of the 
significance of formula? and equations, and refers all chemical expressions 
to the facts of quantitative work. 

§41. The chief requirement in qualitative practice is an experimental 
acquaintance with the chemical relations of substances, rather than the 
identification of one after the other by routine methods. The acids and 
bases, the oxidizing and reducing agents, are all linked together in a net- 
work of relations, and the ability to identify one, as it may be presented in 
any combination or mixture, depends upon acquaintance with the entire 
fraternity. 

§42. The full text of the book, rather than the analytical tables, should 
be taken as the guide in qualitative operations, especially in those upon 
known material. The tabular comparisons are commended to attention, 
especially for review. In actual analysis, the tables serve mainly as an 
index to the body of the work. 

SOLITTION AND IONIZATION. 

§43. The Theory of Electrolytic Dissociation, proposed by Arrhenius in 
1887 (Z. phys. Ch., 1887, 1, 631), assumes that salts, acids, and bases in 
water solution are present not as the intact molecule but split up into 
certain components, and that the characteristics of the dissolved substance 
result very largely from the extent to which this breaking down of the 
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molecule has taken place. The facts upon which the theory is based are 
in a word the parallelism between osmotic pressure,* electric conductivity, 
and chemical activity of substances in solution. 

The gas-laws (Boyle's, Gay-Lussac's, Henry's, and Dalton's) are found 
to hold for dissolved substances, osmotic pressure being substituted for 
gas-pressure (van 't Hoff, Z. phys. Ch., 1887, 1, 481). Avogadro's Hypoth- 
esis is therefore applicable to solutions as well as to gases, and as abnormal 
gas-pressure points to dissociation in the gas (NH^Cl , PCI5) so excessive 
osmotic pressure is taken as indicating dissociation of the dissolved sub- 
stance. The osmotic pressure is a measure of this dissociation. 

Faraday gave the name ions to the components of a substance conducting 
the electric current in solution. It is an observed fact that transmission 
of the current by a solution is always accompanied by movement of the 
ions in opposite directions (Hittorf, Pogg. 1853, 89, 177). This is quite 
independent of any separations taking place at the electrodes. From this 
it is concluded that the ions carry the electricity from one pole to the 
other through the solution. If the ions are the carriers of electricity then 
the power of a solution to conduct the current will be in proportion to their 
number, that is, to the extent of dissociation of the dissolved substance. 
And experiment shows that the dissociation calculated from the osmotic 
pressure is identical with the dissociation calculated from the electric 
conductivity. 

Further, if in analysis of a substance in solution we are dealing not with 
the substance in its integrity but with certain ions, then our ordinary 
analytical reactions are reactions of the ions, and we may expect that where 
the substance for some reason is transformed from the ionized condition 
to the undivided molecule these reactions will fail. Here again the chemi- 
cal activity will be proportional to the number of ions; and experiment 
shows that unquestioned quantitative parallelism exists, to take the case 
of acids, between (1) the characteristic acid activity — the dissolving of 
metals, the influence as catalyzer on such changes as the inversion of cane- 
sugar and the saponification of esters; (2) the extent of dissociation as 
indicated by osmotic pressure, and (3) the extent of dissociation as indicated 
by electric conductivity. The same parallelism holds for other bodies in 
solution. The very active acids and bases and the neutral salts undergo 
wide dissociation in water solution, while weak acids and bases retain 
almost entirely the non-dissociated condition. 

The Electrolytic Dissociation Theory in its assumption of a separation 

• The pressure by virtue of which a soluble substance In contact with the solvent, as common 
salt in water, is enabled to rise against the force of gravity and distribute itself uniformly 
throughout the solvent, Just as a gas by virtue of the gas-pressure occupies the entire space at 
its disposal. 
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into ions groups together and gives system and meaning to these three 
classes of facts, experimentally absolutely independent and up to Arrhenius' 
time without any suspected relationship. In each case the results calculated 
on the assumption of such a dissociation are in quantitative agreement with 
those obtained by measurement. 

Corresponding in actual experience to the view that the common analyti- 
cal reactions are due to the ions rather than to the molecule as a whole, is 
the analyst's practice of testing for acid radicle or basic radicle without 
regard to the other component; and on the other hand, to take a specific 
case, the fact that the sulphur in HoS does not give the same precipitation 
reactions as that in K^S or H.SO^ or H0SO3 or H0S.O3 . Further, HgClj in 
its chemical behavior is unlike other mercuric salts and unlike other 
chlorides. The mercury is not readily precipitated by alkali hydroxides 
nor is the chloride readily precipitated by silver salts. In agreement with 
this, its conductivity and osmotic ])ressure are also unlike those of the great 
majority of neutral salts, both pointing to very slight dissociation into the 
ions. CdClo is another neutral salt anomalous in that its conductivity and 
osmotic ])rcssure are both low. And here also for precipitation of the 
chloride a considerable concentration of the reagent is necessary. Similar 
instances of the paralloli.«m referred to are numberless. 

§44. The Law of Mass- Action embodies the familiar principle that the 
chemical activity of a substance is proportional to its concentration. It 
was first recognized, although imperfectly, by Berthollet and was given 
mathematical expression by Guldberg and Waage in 1867. The latter 
investigators found it to accord well with the observed facts in some cases; 
in others there were wide discrepancies which were later shown by Ar- 
rhonius to disappear when the concentration, not of the reacting body as a 
whole but only of that part present in the ionized condition, was taken 
into consideration. We must assume that every chemical reaction is rever- 
sible, that is, that none of them proceed until the reacting substances are 
com})letely transformed. Then by a simple process of reasoning it is found 
that when equilibrium sets in the product obtained by multiplying together 
the concentrations of the reacting substances will be in a certain definite 
ratio to the product of the concentrations of the substances formed, con- 
centration being defined as the quantity in unit volume.* For example, 
in the reaction indicated by the equation CH^COoH + CoH.OH = 
CHsCOjCoH^ + HjO , when equilibrium sets in ab = kcd , in which a and b 
are the concentrations of acid and alcohol respectively, c and d those of 
ester and water, while k is a constant peculiar to the reaction. Wliere the 

• The unit of quantity Is the molecular weight taken in errams f the " mol "). Whore there are 
18.23 grrams HCl in a liter either in solution or as eras the concentration is H, where there are 
72.92 errams in the same volume the concentration Is 2, and so on. 
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reaction is a dissociation, as with gaseous NH^Cl , we have ab = k'c , a and b 
representing the concentrations of NH3 and HCl respectively, c that of the 
undecomposed NH^Cl, and k' the constant characteristic of this change. 
Dissociation into ions must follow the same laws, and for the electrolytic 
dissociation of acetic acid a similar equation holds, a and b in this case 
standing for concentration of H and acetic ions, c for concentration of non- 
dissociated acetic acid, while the constant is one governing only this par- 
ticular dissociation. It is apparent from each of these equations that, if 
we add one of the products of the reaction and thus increase its concentra- 
tion, the concentration of the other product must decrease in the same 
proportion — the extent of the reaction will be decreased; while, on the 
other hand, removing either or both of the products will tend to make the 
transformation complete. This deduction is of great significance. In 
making ethyl acetate from the acid and alcohol, in order to use the materials 
as completely as possible, the ester is distilled off as rapidly as produced 
while the water is taken up by some absorbent. Introducing gaseous NH3 
or HCl diminishes the dissociation of NH^Cl by heat, and similarly adding 
either H ions or acetic ions will diminish the dissociation of acetic acid. 
Acetic acid is much weakened by the presence of a neutral acetate. A 
ferrous solution moderately acidified with acetic acid gives no precipitate 
on saturation with HgS , but on addition of sodium acetate the black FcS 
is brought down. Similarly a weak base, as NH^OH , is made still less 
effective by the presence of its strongly-dissociated neutral salt, as NH^Cl . 
Quantitative agreement is obtained between observed effect of NH^Cl on 
NH4OH as saponifying agent and that calculated from the equation: 

®lf2 • ®Q2' ~ ^ITH OH (Arrhenius, Z. phys, Ch., 1887, 1, 110). 

§46. The 8 oluhility 'Product. — In the saturated solution which always 
remains after precipitation we have the usual dissociation equilibrium, as: 

®^g • ^QY AeCl • ^^^ ^^^ quantity of non-dissociated substance in 

a saturated solution is invariable and the right side of this equation is 
therefore constant. That is, in saturated solution the product of the con- 
centrations of the ions is always the same for a given substance (Xernst). 
This Ostwald has called the Solubility-Product. ^Vhere the saturated solu- 
tion is made by bringing the salt into contact with the solvent ®^^ • ~ ^Qy • 

From such a solution precipitation will take place on addition of either a 
silver salt or a chloride, for such addition largely increases the concentration 
of one ion and, to restore equilibrium, the concentration of the other ion 
must decrease in the same ])roportion, which is possible only by precipita- 
tion. From this follows the old empirical rule to add an excess of the 
reagent in making a precipitation. Experiments on this point give quanti- 
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tative agreement with the theon- (Xernst, Z. phys. Ch., 1889, 4, 372; 
Noyes, Z. phys. Ch,, 1890, 6, 241; 1892, 9, G03). 

The Solubility-Product of the alkaline-earth carbonates is 

^M " ^CO " ^ -^^ ^^® solution of a neutral salt, as CaClj , Ca ions are 

present in large concentration. AVhen a substance containing CO, ions in 
large concentration is added, as NajCOg , the solubility-product is exceeded 
and precipitation takes place. Carbonic acid, however, is shown by con- 
ductivity and osmotic pressure measurements to be but slightly disso- 
ciated, that is, it contains few CO3 ions, and in accord with this is the 
familiar fact that the alkaline earths are not precipitated by carbonic acid. 
Similarly the fixed alkali hydroxides, strongly dissociated, will precipitate 
alkaline-earth hydroxides, while ammonium hydroxide, shown by other 
measurements to contain but few hydroxyl ions, will not. 

For the metallic sulphides the solubility-product is ^ jj •• ^g" • 

The alkali suli)hides as normal salts contain the S ion in large concentra- 
tion and so produce precipitation even of the more soluble sulphides of 
the Iron and Zinc Groups. The slightly dissociated HoS contains sufficient 
S ions to reach the solubility-product of the sulphides of the Silver, Tin, 
and Copper Groups, l)ut not enough to attain to the larger solubility- 
product of the Iron and Zinc Group sulphides. A strong acid, as HCl , 
containing as it does H ions, one of the dissociation products of H2S , drives 
back the dissociation of the HoS, so decreasing the concentration of the 
S ions and making precipitation of the sulphide more difficult. 

For the application of the dissociation theory to the details of analytical 
work we arc indebted chiefly to Ostwald. See his " Scientific Foundations 
of Analytical Chemistry " and " Outlines of General Chemistry." 

Order of I^vboratory Study. 

§46. The following is a suggestive outline to be modified by the teacher 
to suit the ability of the students, and the amount of time to be given to 
the study: 

a. A review of chemical notation and the writing of salts. 

h. A study of the action of the Fixed Alkalis upon solutions of the salts 
of the metals in the order of their groupings; including the action of an 
excess of the reagent. The fact of the reaction should be stated; e. g.y 
lead acetate + potassium hydroxide = a white precipitate readily sohil)le in 
excess of the reagent. The text should then be consulted for the products 
of the reaction {(So), and the reactions expressed in the form of equations: 
2Pb(C,H.0,)a -f 4KOH= PbaO(OH),* (whit€) + 4KC,H.O, + H,0 
Pb,0(OH), + 4K0H (excess) = 2K,PbO, -h 3H3O 
or Pb(C,H,0,), -f 4K0H (excess) = K,PbO, -h 2KC,H.0a + 2TLfi . 

• It has been found helpful to require studenta to underscore aU preoipltates. 
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The results should all be tabulated and then summarized in form of a 
carefully worded generalization (§205, Ga), 

c. Action of Ammoninm Hydroxide (volatile alkali) upon solutions of 
the salts of the metals, etc., as in (6) above ; e. g., lead nitrate + ammonium 
hydroxide = a white precipitate not dissolving in excess. Consult text 
(§57, 6a) and write the equation : 

3Pb(N0,)a + 4NH«0H = 2PbO.Pb(KO,), -f 4NH4NO, + 2HaO . 

After the work has been completed in the laboratory and the results 
discussed in the class room, summarize in the form of a generalized state- 
ment (§207, 6a). 

d. A study of the action of the Fixed Alkali Carbonates, and generaliza- 
tion of the results (§205, (ya). 

e. A study of the action of Ammonium Carbonate. Summarize the re- 
sults (§207, 6a). 

f. A study of the solvent action of acids, HCl , HNO3 , and HjSO^ , upon 
the Hydroxides and Carbonates obtained by precipitation. 

g. Action of Hydrosnlphuric Acid as a precipitating agent upon salts of 
the metals in neutral and acid solutions. 

h. The use of Ammoninm Sulphide as a reagent. 

t. The solvent action of acids, HCl, HNO3, and HCjHsOj, upon the 
sulphides obtained by precipitation. 

;. Action of Hydrochloric Acid and Soluble Chlorides. 
Action of Hydrobromic Acid and Soluble Bromides. 
Action of Hydriodic Acid and Soluble Iodides. 

fc. Precipitation by Soluble Sulphates, Phosphates, and Oxalates. 

I. The solvent action of Hydrochloric and Acetic Acids upon the Phos- 
phates obtained by precipitation. 

m. The reverse of certain of the above reactions as illustrating the 
precipitation of Acids; e. </., Ammonium oxalate + calcium chloride = a 
white precipitate. Consult the text (§227, 8), and write the equation: 
(NHJoCjO^ + CaClj = CaCgO^ + 2NH,C1 . 

n. Application of the above reactions to the Grouping of the Hetah 
for Analysis. 

0. A study of the limit of visible precipitation with several reagents 
upon a particular metal, or upon a number of metals. 

p. A study of the analysis of the individual metals and acids; combining 
them, and effecting their separation and detection. The new work of 
each day to be followed by the analysis of " unknown " mixtures prepared 
by the teacher to illustrate the new work and to give an instructive review 
of the preceding work. The order of the study of the metals and acids 
may be varied greatly. In no case should the metals of a whole group be 
studied without considering the relations to the other groups. 
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q. The study in the class room of Oxidation and Eednction, with work 
in the laboratory to illustrate. 

r. The study of problemjj in Synthesis involving analytical separations, 
accompanied by laboratory experiments. 

s. The analysis of a series of Dry " Unknown " Mixtures. 

t, A special study of the analysis of Fhosphates, Oxalates, Borates, 
Silicates, etc., and certain of the Rarer Metals. 

w. The analysis of mixtures in solution, illustrating Oxidation and 
Bednction. 

V, A study of Electrolysis as a means of aetection in qualitative analysis. 



PART II -THE METALS. 



THE SILVER AND TIN AND COPPER GROUPS. 
(First and Second Groups.) 

§47. The Silver group (first group) includes the metals whose chlorides 
are insoluble in water and which are precipitated from solutions upon the 
addition of hydrochloric acid or soluble chlorides : Pb, Hg;, Ag . 

The Tin and Copper group (second group) includes those metals whose 
sulphides are precipitated by hydrosulphuric acid from solutions acid with 
dilute hydrochloric acid, and whose chlorides (soluble in water for the 
most part) are not precipitated by hydrochloric acid or soluble chlorides. 
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§48. Owing to the partial solubility of lead chloride in water, it is never 
completely precipitated in the first group; hence it must also be tested 
for in the second group. Monovalent mercury belongs to the first group 
and divalent mercury to the second. Silver, then, is the only exclusively 
first-group metal. 

§49. The metals included in these groups are less strongly electro- 
positive than those of the other groups. Only bismuth, antimony, tin, 
and molybdenum decompose water, and these only slowly and at hi<rh 
temperatures. The oxides of silver, mercuiy, gold, platinum, and palla- 
dium are decomposed below a red heat. Copper, lead, and tin tarnish by 



• In this list of the metals of the Silver, Tin and Copper Groups the more common, those In 
the first column, are arranfrcd In the order of their discussion and separation In analj^sls. The 
rare metals are arrangred In alphabetic order, but are discussed In order of their relations to 
each other, be^nnlnf? at § 104. 
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oxidation in the air. In general, these metals do not dissolve in acids 
with evolution of hydrogen, or do so with difficulty. Nitric acid is the 
best solvent for all, except antimony and tin, which are rapidly oxidized 
by it. Concerning the separation and detection of the metals of these 
groups by electrolysis, see Schmucker, Z. anorg,, 1894, 5, 199, and Cohen, 
J., Soc. Ind,, 189 U 10, 327. 

§50. Mercury, arsenic, antimony, and tin form, each two stable classes 
of salts. Therefore, tlic lower oxides, chlorides, etc., of these metals act 
as reducing agents: and their higher oxides, chlorides, etc., as oxidizing 
agents, each to the extent of its chemical force. Arsenic, antimony, tin, 
moly])denum, and several of the rare metals of these groups enter into 
acidulous radicles, which form stable salts. Arsenic, selenium and tellu- 
rium are metalloids rather than metals. Arsenic, antimony, and bismuth 
belong to the Nitrogen Series of Elements. 

§51. A large proportion of the compounds of these metals are insoluble 
in water. Of the oxides or hydroxides, only the acids of arsenic are 
soluble in water. The only insoluble chlorides, bromides, and iodides are 
in these groups. The sulphides, carbonates, oxalates, phosphates, borates, 
and cyanogen compounds are insoluble. !Most of the so-called soluble 
compounds of bismuth, antimony, and tin, and some of those of mercury, 
dissolve only in acidulated water, being decomposed by pure water, with 
formation of insoluble basic salts. 

g52. Among the many soluble double salts of the metals of these groups 
are especially to be mentioned the double iodides with KI and the iodides 
of Pb , Hg , Ag , Bi and Cd . Platinum forms a large number of stable 
doubl(» chlorides, soluble and insoluble; and gold forms double chlorides, 
cyanides, etc. 

§53. The oxides of arsenic act as acid anhydrides and form soluble salts 
with the alkalis: oxides of antimony, tin, and lead, are soluble in the fixed 
alkalis; oxides of silver, copper, and cadmium, in ammonium hydroxide. 
Metallic lead, like zinc, dissolves in the fixed alkalis with evolution of 
hydrogen. 

§54. The solubility of certain sulphides in the alkali sulphides forming 
sulpho salts or double sulphides, separates the metals of the second group 
into two divisions. .1 (tin group) — As , Sb , Sn , Ge , Au , Ir , Mo , Pt , Se , 
Te , W. and V ; sulphides soluble in yellow ammonium sulphide; and B 
Ccojiper group)— Hg , Pb , Bi , Cu , Cd , Os , Pd , Rh , and Ru ; sulphides 
not soluble in i/cJlow ammonium svlplnde. 

§55. Mercury, antimony, silver, and gold do not form hydroxides. The 
oxides of gold are very unstable. 

§56. The metals of these groups are all easily reduced to the metallic 
state by ignition on charcoal. Except mercury and arsenic, which vaporize 
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readily, and certain rarer metals difficultly fusible, the reduced metals melt 
to metallic grains on the charcoal. 

The Silver Group (First Group). 

Lead, Mercury (Mercurosum), Silver. 

§57. Lead (Plumbum) Pb = 206.92 . Valence two and four. 

1. Tropertiea.— Specific gravity, 11.37 (Reich, J, pr,, 1859, 78, 328). Melting point, 
327.69** (Callendar and Griffiths, C. N,, 1891, 63, 2). It begins to vaporize at a 
red heat and boils at a white heat. Vaporization is said to take place at 360** 
(Demarcay, C. r., 1882, 95, 183). It can be distilled in vacuo (Schuller, B., 1883, 
16. 1312). 

i'ure lead is almost white, soft, malleable, very slightly ductile, tarnishes in 
the air from formation of a film of oxide. The presence of traces of most of 
the other metals makes the lead sensibly harder. It is a poor conductor of heat 
and electricity. It forms alloys with most metals; lead and tin in various pro- 
portions form solder and pewter; lead and arsenic form shot metal; lead and 
antimony, type metal; lead, bismuth, tin and silver form a fusible alloy melting 
as low as 45°; bell metal consists of tin, copper, lead and zinc. 

2. OcciUTence. — It is rarely found native (Chapman, Phil. Mag., 1866, (4), 31, 
176); its most abundant ore is galena, PbS; it also occurs as cerussite, PbCOj ; 
anglesite, PbSO^; pyromorphite, 3Pb,Pa08 -h PbCL: krokoite, PbCrO*: and 
also in many minerals in combination with arsenic, antimony, etc. The 
United States produces more lead than any other country. Spain produces 
about one-fourth the world's supply. 

3. Preparation. — From galena (a) It is roasted in the air, forming variable 
quantities of PbSO* , PbO . and PbS : then the air is excluded and the tempera- 
ture raised, and the sulphur of the sulphide reduces both the PbO and the 
PbSO^ , SO, being formed: PbSO* -f PbS = 2Pb -h 2SO2 . 2PbO -h PbS = 3Pb -f- 
SO2 . (b) Similar to the first except that some form of carbon is used to aid 
in the reduction, (r) It is reduced by fusing with metallic iron: PbS -f- Fe = 
Pb -h PeS . Frequently these methods are combined or varied according to 
the other ingredients of the ore. 

4. Oxides.— Lead forms four oxides, Pb^O , PbO , PbOj , and Pb.O^ . Lead 
suhoxide (PbjO) is little known: it is the black powder formed when PbCjO^ is 
heated to 300**, air being excluded. Lead oxide (litharge, or massicot) is formed 
by intensely igniting in the air Pb , PbjO , PbO, , PbjO^ , Pb(OH)j , PbCO, , 
PbCjO^ , or Pb(N03)2 . It has a yellowish-white color, melts at a red heat, and 
is volatile at a white heat. 

Trilead trtroxidc (red lead or minium), PbjO^ , is formed by heating PbO 
to a dull-red heat with full access of air for several hours. Strong, non-reduc- 
ing acids, such as HNO, , H3SO4 , HCIO3 , etc., convert it into a lead salt and 
PbOj (a). But concentrated hot H.^S04 converts the whole into PbSO^ , oxygen 
being evolved (h). But with the dilute acid and reducing agents, such as 
C,H.(OH), , C«H,,0, .H,C,0, , H,C,H,0« , Zn , Al , Cd . Mg , As, Pb . etc., 
it is all reduced to the dj/ad lead without evolution of oxygen (r), ((/), and (c). 
Hydracids usually reduce the lead and are themselves oxidized (0- 

(a) Pb.O, -f 2H2SO« (dilute) = PbO, -f 2PbS0, 4- 2^,0 

(b) 2Pb,04 -f 6H3SO4 (concentrated and hot) = 6PbS04 + 6H,0 + O, 

(c) Pb.O, -f H,C,0, -f 6HN0, = 3Pb(NO,)2 + 4H2O -f 200, 

(d) lOPb.O, + As, -f 30H.,SO, = SOPbSO, + 4H,AsO, -f 24H80 

(e) Pb,0, -f Zn -f 4H,S0, = 3PbS0, -f ZnSO, -f 4H,0 
(/) Pb.O, -f 8HC1 = 3PbCl3 -f 01, -f 4H,0 

The faience of Pb^O, is best explained bv the theorv that it is a union of the 
dyad and tetrad (Pb" and Pbiv) , Pb.O, = 2PbO -|- PbivO, . 
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Lead dioxide or peroxide, PbO, , is formed: (1) by fusion of PbO with KCIO^ 
or KNO, ; (2) by fiisinpr PbjO* with KOH : {'/) by treatinj^ any compound of 
Pb" with CI , Br , K,Fe(CN)n , KMnO^ , or HjO, in presence oSf KOH; (4) by 
treating Pb.O^ with non-reducing acids: 

Pb.O, -h 4HN0, = PbO, + 2Pb(N0,), -|- 2H,0. 

Ignition forms first Pb.O^ and above a red heat PbO, oxygen being given off. 
It dissolves in .acids on same conditions as PbjO^ . Very strong solution of 
potassium hydroxide, in large excess, dissolves it, with formation of ** potassium 
plumbate," KjPbO, . Lead dioxide is a powerful^ oxidizing agent, one of the 
strongest known. Digefeted with ammonium hydroxide, it forms lead nitrate 
and water. Triturated with one-sixth of sulphur, or tartaric acid, or sugar, 
it takes fire: with phosphorus, it detonates. 

5. Solubilities. — a. — MrP^i. — Nitric acid is the i)roper solvent for metallic lead, 
the lead nitrate formed is readily soluble in water but insoluble in concentrated 
nitric acid *: hence if the conct^itrated acid be used to dissolve the lead, a 
white residue of lead nitrate will be left which dissolves on the addition of 
water. Dilute sulphuric acid is without action, the concentrated acid is almost 
without action in the cold (Calvert and Johnson, ./. C. 18G3, 16, 06), but the hot 
concentrated acid slowly changes the metal to the sulphate with evolution of 
sulphur dioxide, a portion of the salt being dissolved in the acid, precipitating 
on the addition of water. Hydrochloric acid very slowly dissolves the metal 
(more rapidly when warmed), evolving hydrogen: the chloride formed dissolves 
in the aeid in quantities depending upon conditions of temperature and con- 
centration {<'). The halogens readily attack the metal forming the correspond- 
ing haloid salts. Alloys of lead are best dissolved by first treating with nitric 
acid, if a white residue is left it is washed with water and, if not dissolved, it 
is then treated with hydrochloric acid, in which it will usually be soluble. 

Water used for drinking or cooking purposes should not be allowed to stand 
in lead pipes. Pure water free from air is without action uj)ou i)ure lead, but 
water containing air and carbon dioxide very slowly attacks lead, forming the 
hydroxide and basic carbonate. This action is j)roniote(l by the presence of 
salts, as ammonium nitrate, nitrite, chloride, etc.: the action seems to be 
hindered by the presence of sulphates. 

h.— Oxides.— "Lesid. oxide, Ulhunjv. PbO. aiul the hydroxides, 2PbO.H.,0: 
RPbO.H.O, are readily dissolved or transposed by acids forming the correspond- 
ing salts, I. e., PbO -h H,SO, = PbSO^ -+- H,0 .' The oxide and hydroxide are 
soluble in about 7000 parts of water, to which they impart an alkaline reaction. 
Thev are sohible in the fixed alkalis forming plumbites: soluble in certain salts 
as NH.Cl. CaCla , and SrCL (Andre, ('. 7'., lS8:t, 96, 4:^5: 18S7, 104, :Vo\))\ very 
soluble in lead acetate, forming basic lead acetate. 

liead dioxide, PbO.. , Imd peroxide, is insoluble in water or nitric acid: it is 
dissolved by the halogen hydracids with liberation of the halogen and reduction 
of the lead forming a dyad salt: PbO, -f 4HC1 = PbCl, -f Cl^ -f- 2H2O: it is 
attacked b^' hot concentrated sulphurie acid, forming the sulphate and liberat- 
ing oxygen; it is soluble in glacial acetic acid forming Pb(C2H30o)4 , unstable 
(Hutchinson and Pollard, J. C, 1890, 69, 212). Some of the salts of the tetrad 
lead seem to })e formed when the peroxide is treated with certain acids in the 
cold. They are, however, very unstable, being decomposed to the dyad salt 
upon waniiing (Fischer, J. C..*1879, 35, 282: Nickels, A. C/i.. 1807, (4), 10, 328). 
The peroxide is slowlv soluble in the fixed alkali hvdroxides forming plum- 
bates, i. c, PbO, + 2K0H: = K^PbOa -f H,0 . 
■ Trilead tetroxide, PbgO, , red lead, wn'wf?/m, is insoluble in water, is at- 
tacked by nearly all acids in the cold forming the corresponding dyad lead 
salt and lead i)eroxide, PbO, . Upon further treatment with the acids usinu: 
heat the lead peroxide is decomposed as described above. The presence of 
many reducing agents, as alcohol, oxalic acid, hydrogen peroxide, etc., greatly 

♦ The solubility of a salt Is lessened by the presence of another substance havlnsr an ion in 
common with it ($45). In some cases, as with Pbl, and KI, this is offset in conoentrated solution 
by formation of a complex compound. 
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facilitates the solution of red lead or lead peroxide in acids, i. e., nitric acid 
does not dissolve lead peroxide, but if a few drops of alcohol be added the 
solution is readily obtained uyion warming, leaving the lead as the soluble 
nitrate, which greatly facilitates the further analysis. 

c. — Salts. — The carbonate, borate, cyanide, ferrocyanide, phosphate, sul- 
phide, sulphite, iodate, chromate, and tannate are insoluble in water. 
The sulphate is soluble in about 21,000 parts of water at 18° (Kohlrausch 
and Rose, Z. pliys. Ch., 1893, 12, 241), the presence of HNO3 or HCl in- 
creases its solubility in water; it is insoluble in alcohol even when quite 
dilute; sparingly soluble in concentrated H0SO4 , from which solution it is 
precipitated by the addition of water or alcohol; less soluble in dilute HgSO^ 
than in water; soluble in 682 parts 10 per cent HCl, in 35 parts 31.5 per 
cent (Rodwell, J. C, 1862, 15, 59); transposed and dissolved by excess of 
HCl, HBr, or HI forming the corresponding haloid salt; insoluble in 
HF (Ditte, A. Ch., 1878, (5), 14, 190); soluble in ammonium sulphate, 
nitrate, acetate, tartrate and citrate, and from these solutions not readily 
precipitated by ammonium hydroxide or sulphate (Fleischer, J. C, 1876, 
29, 190; Woehler, A., 1840, 34, 235). The sulphate is almost completely 
transposed to the nitrate by standing several days witli cold concentrated 
nitric acid (Rodwell, I. c). The oxalate is sparingly soluble in water, insol- 
uble in alcohol; the ferricyanide is very slightly soluble in cold water, more 
soluble in hot water; the chloride is soluble in 85 parts water at 20° and in 
32 parts at 80° (Ditte, C. r., 1881, 92, 718); the bromide is soluble in 166 
parts water at 10°, in about 45 parts at 80°; the iodide is soluble in 1235 
parts water at ordinary temperature, and in 194 parts at 100° (Denot, J. 
pr.y 1834, 1, 425). The chloride is less soluble in dilute HCl or HoSO^ than 
in water, but is more soluble in the concentrated acids (Ditte, I. c.) ; HNO3 
increases the solubility of the chloride more and more as the HNO^ is 
stronger. The chloride is less soluble in a solution of NaCl than in water 
(Field, J. C.y 1873, 26, 575) ; soluble in NH.Cl —90 grams dissolving in 200 
grams NH^Cl with 200 cc. water (Andr6, C. r., 1893, 96, 435). The chloride, 
bromide, and iodide are insoluble in alcohol. The iodide is moderately 
soluble in solutions of alkali iodides; it is decomposed by ether. The 
basic acetates are permanently soluble if carbonic acid is strictly excluded. 
The basic nitrates are but slightly soluble in water, and are precipitated 
on adding solutions of HNO.^ to a solution of basic lead acetate. 

The relative insolubility of PbClj in cold water or in dilute HCl makes 
it possible to precipitate the most of the lead (by means of HCl) from 
solutions containing also the other metals of the Silver Oroup; while its 
solubility in hot water is the means of its separation from the other 
chlorides of that group (§61). The lead is separated and identified in 
the second group as the insoluble sulphate. (§95). 
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6. Reactions, a, — ^Fixed alkali hydroxides precipitate, from solutions of 
lead salts, basic lead hydroxide (1), Pb20(0H)2 (Schaffner, A,, 1844, 61, 1T5), 
white, soluble * in excess of the reagent as plumbite (2) (distinction from 
silver, mercury, bismuth, copper, and cadmium). The normal lead hy- 
droxide, Pb(0H)2 , may be formed by adding a solution of a lead salt to 
a solution of a fixed alkali hydroxide. 

(i) 2Pb(N0,), -h 4K0H = PbaOCOH), + 4KN0, + H3O 

(2) Pb,0(OH), + 4K0H = 2K,PbO, + aH^O . 

Ammonium hydroxide precipitates white basic salts, insoluble in water 
and in excess of the reagent (distinction from silver, copper, and cad- 
mium); with the chloride the precipitate, insoluble in water, is 
PbCl2.PbO.H2O (Wood and Borden, C. .¥., 1885, 52, 43); with the nitrate 
2PbO.Pb(N03)2 (^., 2, 2, 558). With the acetate, in solutions of ordinary 
strength, excess of ammonium hydroxide (free from carbonate) gives no 
precipitate, the soluble tribasic acetate being fonned. 

Alkali carbonates precipitate lead basic carbonate, wliitey the composition 
varying with the conditions of precipitation. With excess of the reagent 
and in hot concentrated solutions the precipitate consists chiefly of 
Pb3(0H)2(C03)2 . Precipitation in the cold approaches more nearly to the 
normal carbonate (Lefort, Phnrm. J., 1885, (3), 15, 2()). Solutions of lead 
salts when boiled with freshly precipitated barium carbonate are com- 
pletely precipitated. Carbon dioxide precipitates the basic acetate but 
not completely. 

b. — Oxalic acid and alkali oxalates precipitate lead oxalate, PbCgO^, white, 
from solutions of lead salts, soluble in nitric acid, insoluble in acetic acid. 
A solution of lead acetate precipitates a large number — and a solution of 
lead subacetate a still larger number — of organic acids, color substances, 
resins, gums, and neutral principles. Indeed it is a rule, with few excep- 
tions, that lead subacetate removes organic acids (not formic, acetic, 
butyric, valeric, or lactic). Tannic acid precipitates solutions of lead 
acetate, and of the nitrate incompletely, as yellow-gray lead tannate, 
soluble in acids. 

Soluble cyanides precipitate lead cyanide, Pb(CN)5 , white, sparingly soluble 
in a larpfc excess of the reapent and reprecipitated on boiling-. Potassium ferro- 
cyanide precipitates lead ferrocyanide, Pb3Fe(CN), , white, insoluble in water 
or dilute acids. Totassiuin ferricyanide precipitates from solutions not too 
dilute lead ferricyanide, Pb3(Fe(CN)„)a , white, sparingly soluble in water, 
soluble in nitric acid. Solutions of lead salts are precipitated by potassium 
sulphocyanate as lead sulphocyanate, Pb(CNS)a , white, soluble in excess of the 
reaR-ent and in nitric acid. 

c. — Lead nitrate is readily soluble in water, and dissolves the oxide to form 
the basic nitrate, which may also be formed by precipitating lead acetate with 

♦Nearly all the salts of lead are soluble In the fixed alkali hydroxides, Pb9 forming almost 
the only notable exception. 
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potaasium nitrate. The aolubllity of lead nitrate is greatly increased by the 
presence of the nitratt^s of the alkalis and of the alkaline earths, a complex 
compound btring foruifd (Le Biauc uud >(Oyes;, 7^, fthifn, Vh.^ ISUO, 0, hHb), 

rf.— The higher oxides of lead are all re<Uieeil by htfi^jphrtMphorouii acid, lead 
phosphate being formed. Lead phosphite, PbHPO, , \vhHe. is formed by 
iiearlv neutmli^itig phosphorous acid with lead carboiuitt* or prifoipitating 
Na.HPO^ with Ph^NOJ, (Amrit, C. r., 18^10, 110, ml}. Eddium phosphate, 
Na^HPO^ , preeipitfvtt'K from solutions of lead acetate the tfihamr Imd phoiiithate, 
Pb, (POja , white, iusolnble Id the acetic aeid whieh is set free (£>., 2y 2, 5G2): 
liPbiCH^OJa + 2Kft,HP0, = PbaPOJ, -f 4NaO,H*Os + l>HC,H„0,. The same 
precipitate is formed when sodium pho&phate is added to lead nitrate, solulde 
in nitric acid, insohible in acetic acid. Lead photiphate is also precipitated 
upon the addition of phosphoric acid to solutions of lead acetate or lend nitrate. 
The pifrrtphnsphfttc^ PhjP.OT » w^hite, amorphous, is formed bv precipitating a 
lead sohition with Nb.^P.Ot , KoToble in ei^Jcess of the prcci]iitant, in nitric acid, 
and in potassiuna hydroxide; insoluble in ammonium hydroxide and in acetic 
aeid (Oerhardt, A. ^Vh., 1^9, (:^), 25. 305). The metaphosphate, PbCPO,)* , 
white, crystalline, is obtained by the action of NaPO, upon Pb(NOa)a in exeeas. 

e. — Hydroaulphuric acid and the* Boluble sulphides precipitate — from 
neutral, aeid, or alkalixie solutione of lead salts^ — had sulphide^ PM, 
brownish black-, Insoluble in dilute acids, in alkali hydroxides, carbonates, 
or sulphides. Freshly precipitated CdS , MnS , FeS , CoS , and MS aleo 
give the same precipitate. Hydrosulphuric acid and the soluble sulphides 
transpose all freshly precipitated lead salts to lead sulphide.* Moder- 
ate I J dilute nitric ucid — 15 to 20 per cent — dissolves lead sulphide with 
separation of sulphur (1)^ some of the sulphur, especially if the nitric acid 
be concentrated, is oxidized to sulphuric acid, which precipitates a portion 
of the lead (^), unless the nitric aeirl be sufficiently concentrated to hold 
that amount of lead sulphate in solution. The oxidation of sulphur alwavt* 
occurs when nitric acid acts upon sulphides, and in degree proportional 
to the strength of acid, temperature, and dnration of contact. 

(i) 6PbS + 15H1T0, == 6Pb(N0,). + 3S, + -iWO + SH,0 
{2) 3PbS + SHNO, = 3PbS0» 4^ 8N0 + 4H,0 

In solutions too strongly acidulated, especially with hydrochloric acid, 
either no precipitation takes place, or a brick-red double salt, Pb^SCL , 



* The condition forequUlbrlma \a that a oertaln ratio of txinc^ntinttoD cxEst between the loas. 
in the case of Phsa^ hctweoa tho B iona and the 804 loaa. These concentrftfiom nre thp pame 
u thooe to a solution obtoJned by dl^stinjr the two salts, PbSO^ and PbH, togother in water, 
PteSO^ dlssolvea raf^re freely tban PtoS. and for efiuJUbrtum tberefore *gQ fi must be corres- 
pdndlnjjljr greftier tbnn ^^*t. But adding H,S or n soluble ffulphldo to PbsO^ ffl%pa jniit thr* 
Oppoiiteof this condition, and tranaformation accordlnj^ljr rennltB, lootenfilnH' the SO,'^' con- 
centration by formation of eolultlo Eiiilphat'e and det^r^Mialng the S" concentmUon by preclptta- 
tloo of PliS* until the eiiulUbrinm-nitio l« produocd or, if the riuftntlty of PbSO* preient la Iti- 
ffUffickvat fof thift, until all the PbgO^ ha^ l>een tronsforraed to Rulphlde. On the other hand, 
trcftlment of PbS with a very large exeess of H,804 will caudc the reverse action, 9 iona going 
info sol ut loo until the iame equilibrium results aa Itefotc. 

The jp?ncml principle Is then that unloas a confltltuent of the more soluble substance Is Ui 
great pre ponde ranee In the solution the least soluble of two or mono possible produets will 
always l>e form<?d. Thla principle determines the direction In which a reaction takes place; 
ilgCl -t KI ^ AcT + KCl I CaaO« + !ta,€0, ^ CaCO^ + Na.SO^d^l). 
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is formed, the precipitation being incomplete. In neutral solutions con- 
taining 100,000 parts of water lead is revealed as the sulphide; a test 
which is much more delicate than the formation of the sulphate. 

' Ferric chloride deconiposes lead sulphide, forming lead chloride, ferrous 
chloride and sulphur. The reaction takes place in the cold and rapidly when 
wanned (Gabba, C. C, 18S9, 607). 

When galena, PbS , is pulverized with fused KHSO4 , H,S is evolved (Jan- 
nettaz. ./. C. 1874. 27. 188). 

Lrad thUmilphate, PbS.O, , white, is precipitated by adding sodium thiosul- 
phate to solutions of lead salts: the precipitate is readily dissolved in an excess 
of the reagent, forming the double salt, FbS2 0a,2Na,S30, (Lenz, A., 1841, 40, 
94); on boiling, all the lead is slowly precipitated as sulphide (Vohl, A., 1855, 
06, 2a7). 

Sodium sulphite precipitates lead sulphiie, PbSOg , white, less soluble in 
water than the sulphate, slicrhtly soluble in sulphurous acid; decomposed 
by sulj)huric, nitric, hydrochloric, and hydrosulphuric acids and by alkali 
sulpirides ; not decomposed by cold phosphoric and acetic acids. 

Sulphuric acid and soluble sulphates precipitate from neutral or acid 
solutions, had sulphate, PbSO^ , white, not readily changed or permanently 
dissolved by acids, except hydrosulphuric acid, yet slightly soluble in 
strong acids (;». Soluble in the fixed alkalis and in most ammonium 
salts, especially the acetate, tartrate, and citrate (Woehler, .1., 1810, 34, 
235). Soluble in warm sodium thiosul])hate solution, in hot solution 
decomposed, lead sulphide, insoluble in thiosulphate, being formed (dis- 
tinction and separation from barium sulphate, which does not dissolve in 
tbinsiilphates). 

The test for lead as a sulphate is from five to ten times less delicate 
than that with hydrosulphuric acid; but lead is quanfUalivehj separated 
as a sulphate, by precipitation with sulphuric acid in the presence of 
alcohol, and washing with alcohol. When heated with potassium chromate 
transposition takes place and yellow lead chromate is formed (h). Excess 
of potassium iodide transposes lead sulphate (f), a distinction of lead from 
barium. Repeated washing of lead sulphate with a solution of sodium 
chloride completely transposes the lead to the chloride ("Matthey, J. C, 
1879, 36, 124). See footnote on previous page. 

f, — Hydrochloric acid and soluble chlorides precipitate, from solutions 
not too dilute, lead chloride, PbCla , white. This reaction constitutes lead 
a member of the FIEST GROUP— as it also is of the second. The solu- 
bility of the precipitate is such (5c) that the filtrate obtained in the cold 
gives marked reactions with hydrosulphuric acid, sulphuric acid, chro- 
mates, etc.: and that it can be quite accurately separated from silver 
chloride and mercurous chloride by much hot water. Also, small propor- 
tions of lead escape detection in the first group, while its removal is 
necessarily accomplished in the second group. 
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Hydrobromic acid and soluble bromides precipitate lead bromidey PbBrj , 
white, somewhat less soluble in water than the chloride (5c); soluble in 
excess of concentrated potassium bromide, as SKBr.FbBij , which is decom- 
posed and PbEij precipitated by dilution with water. 

Hydriodic acid and soluble iodides precipitate lead todtde, Pblj, bright 
yellow and crystalline, much less soluble in water than the chloride or 
bromide (5c); soluble in hot moderately concentrated, nitric acid and in 
solution of the fixed alkalis; soluble in excess of the alkali iodides, by 
forming double iodides, KlPblj with small excess of KI, and 4KI.Pbl2 
with greater excess of KI ; these double iodides are decomposed by addi- 
tion of water with precipitation of the lead iodide. Lead iodide is not 
precipitated in presence of sodium citrate; alkali acetates also hold it in 
solution to some extent, so that it is less perfectly precipitated from the 
acetate than from the nitrate. Freshly precipitated lead peroxide, PbOj , 
gives free iodine when treated with potassium iodide (Ditto, C. r., 1881, 
93, 64 and 67). 

In detecting lead as an iodide in solutions of the chloride by precipita- 
tion with potassium iodide and recrystallization of the yellow precipitate 
from hot water, care must be taken that the potassium iodide be not 
added in excess to form the soluble double iodides. 

g. — Arsenous acid does no^. precipitate neutral solutions of lead salts; from 
alkaline solutions or with soluble arsenites a bulky white precipitate of lead 
arsenite is formed, insoluble in water, but readily soluble in all acids and in the 
fixed alkali hydroxides. Arsenic acid and soluble arsenates precipitate lead 
arsenate, white, from neutral or alkaline solutions of lead salts, soluble in the 
fixed alkali hydroxides and in nitric acid, insoluble in acetic acid. For the 
composition of the arsenites and arsenates of lead see (D., 2, 2, 565). Hot 
potassium stannite (SnCl, in solution by KOH) gives with lead salts or lead 
hydroxide a black precipitate of metallic lead. 

h. — Chromic acid and soluble chromates — ^both K2Cr04 and KaCraO^ — 

precipitate lead chromate, PbCrO^, yellow, soluble in the fixed alkali 
hydroxides (distinction from bismuth), insoluble in excess of chromic acid 
(distinction from barium), insoluble in ammonium hydroxide (distinction 
from silver), decomposed by moderately concentrated nitric and hydro- 
chloric acids, insoluble in acetic acid. 

7. Ignition. — Lead salts when fused in a porcelain crucible with sodium 
carbonate are converted into lead oxide, PbO (a). After fusion and diges- 
tion with warm water, the aqueous solution is tested for acids, and the 
residue for bases after dissolving in nitric or acetic acid. If charcoal (or 
some organic compounds as sugar, tartrates, etc.) be present, metallic lead 
is formed (b); and with excess of charcoal the acid radicle may also be 
changed (c). If the fusion with sodium carbonate is made on a piece of 
charcoal, instead of in a crucible, using the reducing flame of the blow- 
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pipe, globules of metallic lead are produced and at the same time the 
charcoal is covered with a yellow incrustation of lead oxide, PbO . 

(o) PbCl, + Na,CO, = 2NaCl + PbO + CO, 

(ft) 2PbS0, 4- 2Na,C0. + C = 2Pb + 2Na,S04 + 3C0, 

(c) 2PbS0, + 2Na,C0, 4- 5C = 2Pb + 2Na,S + 7C0, 

8. Detection. — Lead is precipitated, incompletely, from its solutions by 
HCl as PbClg ; separated from AgCl and HgCl by hot water, and confirmed 
by HjS , H2SO4 , KjCrO^ , and KI . It is separated (in the second group) 
from As , Sb , Sn . etc., by non-solubility of the sulphide in (11^4)28, ; 
from Hg^ by HNO3 ; from Bi, Cu, and Cd by precipitation with dilute 
sulphuric acid. Insoluble compounds are transposed by an alkali sulphide, 
being then treated as lead in the second group, or they are examined by 
ignition as described in (7). 

9. Estimation. — (a) As an oxide into which it is converted by ignition (if a 
carbonate or nitrate), or by precipitation and subsequent i^ition. (6) As a 
sulphate. Add to the solution twice its volume of alcohol, precipitate with 
HjSO^ , and after washing: with alcohol if^niite and weiph. (c) It is converted 
into an acetate, or sodium acetate is added to the solution, then precipitated 
with K2CT3O7 , and after drying- at 100°, weighed as PbCr04 . (d) It is con- 
verted into PbS , free sulphur added, and after ignition in hydrogen gas 
weighed as PbS . (f) The lead is precipitated with standardized sodium iodate 
and the excess of iodate is determined bj^ retitration. Lead iodate is less 
soluble in water than lead sulphate (Cameron, ./. (*., 1879, 36, 484). if) In 
presence of bismuth, ignite the halog-en compound, or convert into a sulphide 
and ignite in a current of bromine. The haloid salts of bismuth sublime upon 
ignition (Steen, Z. angew., 1895, 530). (g) Ga^ volumetric method. Precipitate as 
a chromate, filter, wash and transfer to an azotometer with dilute sulphuric 
acid and estimate the amount of chromium by the volume of oxygen set free 
by hydrogen peroxide (Baumann, Z. angcw., 1891, 329). 

10. Oxidation. — Metallic lead precipitates the free metals from solutions 
of Hg, Ag, Au, Pt, Bi, and Cu . Lead as a dyad is oxidized to the 
tetrad as stated in (4), also electrolytically in se])aration from Cu (Nissen- 
son, Z. an(jeu\, 1893, G46). Pb^ is reduced to Pb° in presence of dilute 
H0SO4 by nascent hydrogen, and by all metals capable of producing nascent 
hydrogen (such as Al , Zn , Sn , Mg , Fe), and to Pb" by soluble compounds 
of Hg', Sn", Sb'", As'", (AsH., gas), Cu', Fe", Cr'"^ Mn", Mn'", Mn^^ 
Mn^^. Also by H^C^O, , HNO^ , H3PO2 , H3PO3 , P , SO, , H,S , HCl , HBr , 
HI, HCN, HCNS, HtFe(CN)o, glycerine, tartaric acid, sugar, urea, and 
very many other organic compounds. In many cases the reduction to 
Pb" or to Pb° takes place in presence of EOH . The freshly precipitated 
peroxide oxidizes anmionia, NH3 , to nitrite and nitrate in the course of a 
few hours (Pollacci, Arch Pharm., 1886, 224, 176). 

From lead solutions Zn , Mg , Al , Co , and Cd precipitate metallic lead. 



Da, 



37 



^58* MercTiry (Hydrargyrum) Hg = 200.0 . Valence one and two. 

I. Properties.— ^S^prf^i/f^- ffrnritif, liquid, 13.5053 (Volkmanii, W. A.^ ISBh 13, 209); 
solid, l4J9:i3 cMall€?t, Prm\ R, .So(\, !87T, 26, 71). Meithig {frer^itiff) point, ^3S.B5* 
(Manet, FhiL Mug., IHTT, (o), 4, 145>, BtHfinfj jmhit^ 357.33** at 700 mm. {Itamsay 
and Young, J. C, iJsSii, 47, R57). It is the only metal wbich is ii liqnlii at 
ordinary terap«?ratnres, white when pure, with a slig-htly bluish tini^e, and 
having' a brilliant sijTerj lustre. The precipitated or linely divided mercury 
appears as a dark g^ray powder* Merenry may be ** extingnished *" or '* dead- 
ened," i. f., reduced to the finely divided state, by shaking' with sug-ar, grease^ 
chalk, turpentine, ether, etc. It is slightly voJatile even at —13" (Regnanlt^ 
C, r., ISSl, 93, 30S): is not oxidisied by air or oxyg-en at ordinary temperature 
(Shenstone and Ciindalh J. C, 1887. 61, G19). The solid metal is composed of 
octahedral and needle-shaped crystals, is very ductile and is easily cnt with a 
knife. Owing- to its ver3' stronjif cohesive property it forms a con\'ex surface 
with iflass, etc* It is a good conductor of electricltv, and forms amalR-ams with 
Al, Ba, Bi. Cd, Cs , Ca , Cr , Co, Cu , Au , Te, Pb , M^, Mn , Ni , Ob, 
Pd , Pt , K , Ag- . Na , Tl . Sn , and Zn . An amalgani contain in g about 30 
per eent of cuijjper Is used for filling' teeth (Dudlev, /Vor. Am. A^sc/ fftr Adv. of 
^d„ 1^y'.», 145). 

3. Occurrence. — The principal ore of mercury is cinnabar, HgS h, red, found in 
California, Illyria, Spain, China, the Ur^il, antl some other lorn li ties. The free 
metal is sometimes found in small R-lobules in rocks containing' the orf\ It is 
also found amalg-amated with gold and silver^ and as mercuric iodide and 
mereurcms ehloride. 

3* FreparatioB.— (fv) The ore is roasted with regulated supply of air: HgS H- 
0,. — Hg + SO:,. CO Lime is added tu the ore, whieh is then distilled: 
4HgS -h -iCaO == 3CaS + GaSQ, -h 4Hg , (>) The ore is heated %vith iron 
(smithy scalt*s): Hg , FeS , anti SO^ arc produced. The mercury is usually con- 
densed in a trough of water. Coinmereial mercury Is freed from dirt and other 
impurities by pressing through leather or by passing through a eone of writ- 
ing paper having a small hole in the apex. For the separation of mercury 
from small quantities of Pb , Sn , Zn , and Ag- without distining, st'e Brlihl (B,, 
1879. 12, 204), Meyer (i?., lS7y, IS, 42^7), and Crafts (/?/., 1S88, (2). 49, 856). 

4. Oxides. — Merenry forms tw^o oxides, Hg^^O and HgO . Metvurous oj-iJf, 
HgfO , IS a black jjowder formed by the action of fixed alkalis on mercurous 
salts* It is converted by gentle heat into Hg and HgO and by a higher (red) 
heat, to Hg' and O. .i/m^/Hr aHrfr, HgO , is made (/) by keeping Hg at its 
boiling point for a month or longer in a flask filled with air; (2) by heating 
HgNO^ or Hg(NO,), with aliout an equal w^eight of metallic mercury: 
Hg(NO>)n + ."Hg = 4HgO -H 2N0: (J> by precipitating mercuric salts with 
KOH or NaOH . Made by (J) and (2) it is red, by {S) yellow. On heating it 
changes to vermillinn red, then black, and on cooling regains its original color- 
A red heat decomposes it completely into H^ and O . Mercury forms no 
hydroxides. 

5. Solubilitle?. — ti. — Ifffrt^— I'naffected by treatment with alkalis. The most 
effect ivf solvent of mercury is nitric acid. It dissolves readily in the dilute 
acid hot or cold; with the strong acid, heat is soon generated; and with eon* 
aiderable quantities of material, the action acquires an explosive violence. xVt 
ordinary temperatures, nitric acid, when applied in excess, produces normal 
mercuric nitrate, but when the tiaerenry is in excess, mercurous nitrute in 
foriaed; in all cases, chiefly nitric oxide gas is generated, Uoth tnerrurons and 
mercurie nitrates require a little free nitric acid to hold them in solution. 
This free nitric acid grad nally oxidizes mercurosum to mereuricuro. making n 
clear solution of Hg(NO,). , if there is sufficient HNO. present, otherwise a 
baaic mercuric nitrate may precipitate. .\ solution of mercurous nitrate may 
be kept free from mercuric nitrate by placing some mrtaH'w mercury in the 
bottle containing it; still after standing some weeks a basic mercurous nitrate 
crystallizes out, which a fresh supply of nitric acid will dissolve. Sulphur 
attacks mercury even in the barometric vncxuimH^ forming HgS (Sch rotter^ 
/, C„ 1873, 26, 476), HjBO, concentrated al 25" has no action on Hg (ritman, 
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J, Am, Soc,, 1898, 20, 100). With the hot concentrated acid SO, is evolved and 
HgaSO* is formed if Hg be in j^rreat excess ; Hg804 if the H2SO4 be in excess. 
Hydrochloric acid gas at 200** is without action (Herthelot, A. Ch., 1856, (3), 46, 
492): also the acid sp. gr., 1.20. Bailey and Fowler {J. C, 1888, 53, 759) say that 
dry hydrochloric acid gas in prenence of oxygen and mercury, at ordinary tem- 
perature for three weeks, forms Hg^OCL without evolution of hydrogen: 
2Hg -f 2HC1 -f Oj = HgaOCl„H,0 . Hydrobromic and hydriodic acids, gases, 
both attack mercury, evolve H, and form resx)ectively HgBr and Hgl (Ber- 
thelot, /. <•.). Hydrosulphuric acid, dr>' gas, at 100° does not attack dry Hg 
(Berthelot, Lc), Hydrosulphuric acid, in solution, and alkali sulphides form 
HgS . Chlorine, bromine and iodine, dry or moist, attack the metal; mercurous 
salts are formed if the mercury be in excess, mercuric salts if the halogens be 
in excess. 

f). — ().ri(1eti. — Mercurous oxide is insoluble in water or alkalis. Hydrochloric 
acid forms HgCl; sulphuric acid forms HgsSO^ , changed by boiling with 
excess of acid to HgSOt; nitric acid forms HgNO, , changed by excess of acid 
to HgCNOa), . Mercuric oxide is soluble in acids, insoluble in alkalis, soluble 
in 20.000 to 30,000 parts water (Hineau. C. r., 1S55, 41, 509). It is decomposed 
by alkali chlorides forming HgCl,» (Mialhe, .4. Ch,, 1842, (3), 5, 177), soluble in 
NH.Cl , from which solution NH«OH precipitates NH,Cl,KHgH,Cl + 
NH,HgCl (I)itte, r. r., 1891, 112, 859), soluble in KI^ forming 2KI,HgI, 
(Jehn, 7. C, 1872, 25, 987). 

c. — Salts, — Mercury forms two well marked classes of salts — mercurous, 
monovalent, and mercuric, divalent — most mercurous compounds are per- 
nument in the air, but are changed by powerful oxidizing agents to 
mercuric compounds. The latter are somewhat more stable, but are 
changed by many reducing agents, first to mercurous compounds and then 
to metallic mercury (10). Solutions of mercury salts redden litmus. 
Many of the salts of mercury are either insoluble in water, or require the 
presence of free acid to keep them in solution, being decomposed ])y water 
at a certain degree of dilution, precipitating a basic salt and leaving an 
acid salt in solution. Mercurous chloride, bromide, and iodide are insolu- 
ble in water; the sulphate is soluble in 500 parts cold and 300 parts hot 
water, soluble in dilute nitric acid (Wackenroder, A,, 1842, 41, 319). The 
acetate has about the same solubilities as the sulphate, ^fercurous nitrate 
is completely soluble in water. On standing it gradually changes to 
mercuric nitrate, prevented by the presence of free mercury, but if free 
mercury be present a precipitate of basic mercurous nitrate gradually 
forms. Mercuric chloride is soluble in 16 parts of cold water and 3 parts 

• The Law of Mass-Action re^iuires that \«bore the constituents of a sliiphtly-ionizod substance 
are present that substance shaU form at the expense of those more strongly ionized. Such a 
sUghtlj--ionized body is HgCl,. AVhen HgO is brought into contact with KCl solution Hg and 
CI combine to form the non-dissociated HgGl,, leaving K and O, which unite with water, im- 
parting to the solution a strong alkaline reaction. KBr and KI act even more strongly. HgO, 
although from the ready decomposition of its salts by water and from its easy reducibility a 
weak base, yet will replace the alkali metals where a little-dissociated Hg compound results. 

An excess of Hg(IffO,)a dissolves chloride, bromide, and iodide of Bg and Ag owing to the 
same cause, the Hg" ions of the strongly dissociated nitrate decreasing the already slight 
dissociation of the mercuric haloids t$44). The failure of HgCl, to give many of the pre- 
cipitation-reactions obtainable with other soluble mercuric salts is of course due to the same 
fact— the slight concentration of Hg" ions ($ 45). 
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warm water; the bromide is soluble in 94 parts water at 9° and 4-5 parts 
at 100°, decomposed by warm nitric or sulphuric acids; the iodide is 
soluble in about 25,000 parts water (Bourgoin, A. Ch., 1884 (6), 3, 429), 
soluble in Na2S203 (Eder and Ulen, J. C, 1882, 42, 806), and in many 
alkali salts, forming double salts. Normal mercuric sulphate is decom- 
posed by water into a soluble acid sulphate and the basic sulphate, HgSO^ , 
2HgO , which is practically insoluble (soluble in 43,478 parts water at 
16°, Cameron, Analyst, 1880, 144). The normal nitrate is deliquescent, 
very soluble in a small amount of water, but more water precipitates the 
nearly insoluble basic nitrate, 3HgO.N20Q , changed by repeated washing 
into the oxide, HgO (Millon, A, Ch., 1846 (3), 18, 361). The basic nitrate 
is soluble in dilute nitric acid. The cyanide is soluble in eight parts water 
at 15°. ' The acetate is readily soluble, the chromate and citrate sparingly, 
and the sulphide, iodide, iodate, basic carbonate, oxalate, phosphate, arse- 
nate, arsenite, ferrocyanide, and tartrate are insoluble in water. 

6. Reactions, a. — ^Fixed alkali hydroxides precipitate, from solutions of 
mercurous salts, mercurous oxide, HgjO , black, insoluble in alkalis, readily 
transposed by acids; from solutions of mercuric salts, the alkali, added 
short of saturation, precipitates reddish-brown basic salts, when added in 
excess, the orange-yellow mercuric oxide, HgO, is precipitated. If the 
solution of mercuric salt be strongly acid no precipitate will be obtained 
owing to the solubility of the mercuric oxide in the alkali salt formed; or, 
in* the language of the Dissociation Theory, owing to the slight dissocia- 
tion of the soluble mercuric salt (§45). Ammonium hydroxide and car- 
bonate precipitate from solutions of mercurous salts mixtures of mercury 
and mercuric ammonium compounds. The same is true of the action of 
ammonium hydroxide on insoluble mercurous salts: 2HgCl + ^NH^OH 
= Hg + NHjHgCl + 2HoO + HH^Cl ; 6HgN03 + 6NH4OH = 3Hg + 
(NH2HgN03)2HgO + 4NH,N03 + hllfi ; 4Hg2S0, + 8NH,0H = 4Hg + 
(HgH2N)2Sb4.2HgO + 3(NHJoS0^ + 6H2O ; or uniting the salt in dif- 
ferent manner, 4HgCl + 4NH,0H = 2Hg + Hg.NCl.NH.Cl + 2NH,C1 
+ 4H2O . Examination with a microscope reveals the presence of Hg° . 
The mercuric ammonium precipitate dissolves in a saturated solution of 
(NH4)2S04 containing ammonium hydroxide and can thus be separated 
from the Hg (Francois, J. Pharm., 1897 (6), 5, 388; Turi, Gazzetta, 18i)3, 
23, ii, 231; Pesci, Gazzetta, 1891, 21, ii, 569; Barfoed, /. pr., 1889, (2), 39, 
201). With mercuric salts ammonium hydroxide produces " white precipi- 
tate," recognizable in very dilute solutions; that with cold neutral solu- 
tions of mercuric chloride being mcrcurammonium chloride, (NHoHg)Cl , 
also called nitrogen dihydrogen mercuric chloride (a); if the solution be 
hot and excess of ammonium hydroxide bo added, dimercurammonium 
chloride, also called nitrogen dimercuric chloride (b) is formed. Treat- 
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ing with fixed alkali hydroxide until no more ammonia is evolved changes 
the former compound to the latter (Pesci, I. c). The precipitates are 
easily soluble in hydrochloric acid, slightly soluble in strong ammonium 
hydroxide, and more or less soluble in ammonium salts, especially am- 
monium nitrate and carbonate (Johnson, C. N.y 1889, 69, 234). A soluble 
combination of ammonium chloride with mercuric chloride, 2NH4CI. 
HgCL , or ammonium mercuric chloride, called " sal alembroth," is not 
precipitated by ammonium hydroxide, but potassium hydroxide precipi- 
tates therefrom the white morcurammonium chloride, (NH3)j,HgCl2 (c) : 
(a) HgCl, + 2NH,0H = NH^HgCl + NH.Cl -f 2H,0 
(6) 2HgCU -f 4NH,0H = NHg.Cl -f 3NH,C1 + 4H,0 
(c) 2NH,Cl.Hg:Cl, -h 2K0H = (NH,),HgrCl, + 2KC1 + 2H,0 

A solution of HgCl^ in KI with an excess of EOH (Xesslers Reagent) is 
precipitated by NH4OH (or by ammonium salts), as NHgsI (§207, 6A;). 

Fixed alkali carbonates precipitate from mercuroiia salts an unstable mer- 
eurouff carbonate, Hg^tCO, , gray, blackening: to basic carbonate and oxide when 
heated. Carbonates of barium, strontium, calcium and magnesium precipitate 
mercurous carbonate in the cold. Merciiric salts are precipitated as red-brown 
basic saltSy which, by excess of the reagent with heat, are converted into the 
yellow mercuric oxide. The basic salt formed with mercuric chloride is an oxy- 
chloride, HgCl3.(Hg^)2 , ,, or 4; with mercuric nitrate, a basic carbonate, 
(HgO)3Hg^03 . Barium carbonate precipitates a basic salt in the cold, from 
the nitrate, but not from the chloride. 

b. — Oxalic acid and sohible oxalates precipitate from solutions of mercurous 
salts mercurous oxaUitc, "EL^iCzO^ . white, slightly soluble in nitric acid: from 
solutions of mercuric salts, except HgCl.^ , mercuric oxalate, HgC204 , white, 
easily soluble in hydrochloric acid, difficultly soluble in nitric acid. A solution 
of HgCla boiled in' the sunlight with (NHJ.C.O^ gives HgCl and COj . 

Hydrocyanic acid and alkali cyanides decompose mercurous salts into me- 
tallic mercury, a gray precipitate, and mercuric cyanide, which remains in 
solution. Mercuric salts are not precipitated, since the cyanide is readily 
soluble in water. Soluble ferrocyanides form with mcrcuroium a white gela- 
tinous precipitate, soon turning bluish green; with mercuricum a white precipi- 
tate, becoming blue on standing. Soluble ferricyanides form with mercurous 
salts a yellowish green precipitate: with mercuric salts a green precipitate, 
soluble in hydrochloric acid. Potassium thiocyanate precipitates mercurous 
thiocyanate, HgCNS , white, from solutions of mercurous salts (Claus, J. pr.^ 
1S38, 15, 400): from solutions of mercuric salts, mercuric thiocyanate, 
Hg(CNS). . soluble in hot water (Philipp, Z. Ch., 1807, 553). 

c. — Nitric acid never acts as a precipitant of mercury salts, the salts being 
more soluble in strong nitric acid than in water or the dilute acid: also nitric 
acid dissolves all insoluble salts of mercury except HgS . which is insoluble in 
the hot acid (.«</>. (fr. 1.42) (Howe, Am., 1887, 8, 75). HgCl is slowly dissolved by 
nitric acid on boiling. All mercurous salts are oxidized to mercuric salts by 
excess of nitric acid. 

f/.— Hypophosphorous acid reduces mercuric salts to Hg**, but the presence of 
hydrogen peroxide causes the formation of HgCl from HgCl^ and is of value 
as a quantitative method for estimation of mercury (Vanino and Treubert, B., 
1897,30, IIHK)). 

Phosphoric acid and alkali phosphates precipitate, from mercurous salts, 
mercurous phosphate, HggPO, , white, if the reagent be in excess: but if HgNO, 
be in excess, Hg-PO^.HgNO, , white, with a yellowish tinge. Mercurous phos- 
phate is soluble in dilute HNO, , insoluble in H,PO^ . From mercuric nitrate. 
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mvTTuric phmphnt^, Hg^CPOjj ^ white, is precipitated, soluble in HI4'0a , HCl , 
and aTumoniym salts, insoluble in H^PO^ . Fhosphoric ackl does not pre<;ipjtate 
Hg:CL , and Na.,HPO, does not precipitate the white Hgj(B0j3 from HgCl, , 
but on standing a portion of the mereurj^' separates as a dark browa pre* 
ci pit ate (liaack, */, t\, Ib^l, 60, 4O0; Xm2, 62, &30), 

€. — Hydrosulphuric acid and soluble aulphides, precipitate from mer- 
cuiooa i?tilts, viereuric sidphide, HgS , black, and mercurtj, gray. Mercurous 
sulphide, H^^jS , does not exist at ordinary temperatures. According to 
Antony and Sestini {Qazzdia, 181)4, 24, i, 193), it is formed at —10^ by 
the action of H^S on HgCl , decomposing at 0^ into HgS and Hg . From 
mercEtic salts there is formed, first, a white precipitate, soluble in acids 
and excess of the mercuric gaits, on further additions^ of the reagent, the 
precipitate becomes yellow-orange, then brown, and finally black. This 
progressive variation of color is characteristic of mereury. The final and 
stable black precipitate is mercuric sulphide, HgS ; the lighter colored 
precipitates cons^isi: of unions of the original mercuric salt with mercuric 
sulphide, as HgCl^^HgS , the proportion of HgS being greater with the 
darker precipitates. When sublimed and triturated, the black mercuric 
sulphide is converted to the red (vermillion), without chemical change. 
Mercuric sulphide is insoluble in dilute HNO^ (fllstinction from all other 
metallic sulphides) ; insoluble in HCl (Field, J. C, 18(10, 12, 158); soluble in 
chh^Tiue (nitro-hydroehloric acid); insolulde in (HH/j^S except when KOH 
or NaOE be present (Volhard, /!., 1891, 255^ 2b2); soluble in K.S (Ditte, 
C. f., 1S84, 98, 1271)* more readily if KOH he present (separation from 
Pb , Ag , Bi , and Cu) (Pobtnrff and Billow, Arch. Pharm., 1891, 229, 292), 
It ie soluble in KXS^> (one part S, two pnrts CS^ , and 23 parts KOH, sp. 
gr. 1,13) (separation from Pb , Cu , and Bi); reprecipitatod as snlphide by 
HCl (Bosenhladt, Z,, 1B87, 26, 15). 

Mereri rolls; nitrate forms with i^odium thioanlphate a gmyls^h black precipi- 
tate, part uf the mercury remain itt^ in sol ut inn. Mercurous chloride forma 
metallic mercnry and some mercury salt in solution as double salt (Schnaiiss, 
J, t\, 11^70, 29, 'i43). MereurJc ehloricle added to Bodium thioswlphate forms a 
white precipitate, which blackens on stand in g; if the mercuric chloride be 
added in excesij n bright yellow precipitate is formed, which blackens when 
boiled with water, nitric acid or sulphuric acid* but does not dissolve or 
blacken on btulinir ^vith hydrochloric acid. Sodium thloanlphate added to 
mercnrie chloride forms a white precipilate, which hlackens on standing or on 
adding excess of thiositlphfite^ but if excess of thiosulphate be rapidly' added to 
HgCL no precipitritf is formed; boil in pr or long- standing- produces the black 
precipitate. Mercuric salt^ arc not completely precipitated by sodium thio- 
sulphate* The black precipitate is HgS, 

SulpburouB actd and solnblc sulphites form from mercurous solutions a 
black precipitate (Divers and Shimidzu, J. C, 18B6, 49, 367 )» Mercurk- nitrate 
with snlphurons acid forms slowly a flocculent white precipitate i^oUible in 
nitric acid. The precipitate and solution contain merenrosum us evidenced by 
HCl , Mercuric nitrate with soluble sulphites forms a v^olnmitious white pre- 
cipitate, soluble in HNO^ and containing* mercnrosum. Mercuric chloride is 
not precipitated by sulphurous acid or sulphites in the cold, but is reduced, by 
boiling with sulphurous acid» to Hg€l and then to Hg* . 
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Snlphnrio aoid and soluble sulphates precipitate from mercurous solu- 
tions not too dilute, mercurous sulpJiate, Hg2S04, white, decomposed by 
boiling water, sparingly soluble in cold water (5c), soluble in nitric acid 
and blackened by alkalis. Mercuric salts are not precipitated by sulphuric 
acid or sulphates. For action of H2SO4 on ILgCl^ see next paragraph and 
(§269, 8, footnote). 

/. — Eydroohloric acid and soluble chlorides precipitate from solutions of 
mercurous salts, mercurous chloride, HgCl , " Calomel," white, insoluble in 
water, slowly soluble in hot concentrated HCl . Boiling nitric acid slowly 
dissolves it, forming ILgCSO^).^ and Hg^ls ; dissolved by chlorine or nitro- 
hydrochloric acid to HgClj ; soluble in Hg(N03)2 (^^ footnote) (Dreschsel, 
J, C, 1882, 42, 18). This precipitation of mercurous salts by hydro- 
chloric acid is a sharp separation from mercuric salts and places mer- 
curous mercury in the First (Silver) Group of Metals. Mercuric salts 
are not precipitated by hydrochloric acid or solul)le chlorides, unless the 
mercuric solution is more concentrated than possible for a mercuric 
chloride solution under the same conditions, t. p., a strong solution of 
Eg(N03)2 gives a precipitate of HgCL on addition of HCl, soluble on 
addition of water. Mercuric chloride is not decomposed by sulphuric 
acid. A compound HgCls.H^SO^ is formed which sublimes undecom- 
posed. The same compound is formed when HgSO^ is treated with HCl 
and distilled (Ditte, A, Ch., 1879, (5), 17, 120). 

Hydrobromic acid and soluble bromides precipitate, from solutions of 
mercurous salts, mercurous bromide, 'HgBr , yellowish white, insoluble in 
water, alcohol, and dilute nitric acid; from concentrated solutions of 
mercuric salts, mercuric bromide, HgBro , white, decomposed by concen- 
trated nitric acid. Mercuric bromide is soluble in excess of mercuric salts 
{5h footnote), or in excess of the precipitant; hence, unless added in 
suitable proportions, no precipitate will be produced. Sulphuric acid does 
not transpose HgBr^ but forms compounds exactly analogous to those 
with HgClj . Excess of concentrated HjSO^ gives some Br with HgBro . 

Hydriodic acid and soluble iodides precipitate from solutions of mer- 
curous salts, mercurous iodide, Hgl , greenish yellow — " the green iodide 
of mercury " — nearly insoluble in water, insoluble in alcohol (distinction 
from mercuric iodide), soluble in mercurous and mercuric nitrates; decom- 
posed by soluble iodides with formation of Hg and Hglo , the latter being 
dissolved as a double salt with the soluble iodide: 2HgI + 2KI — Hg + 
HgIo.2KI . Mercurous chloride is transposed by HI or KI to form Hgl , 
excess of the reagent reacts according to the above equation (D., 2, 2, 8(57). 
Ammonium hydroxide in the cold decomposes Hgl into Hg and Hglo 
(Francois, J. Pharm., 1897, (6), 5, 388). 

Mercuric salts are precipitated as mercuric iodide, Hglj , first reddish- 
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yellow then red, soluble in 24,814 parts of water at 17*5° (Bourgoiiij A, Ch., 
1884, (G), 3, 430), soluble in concentrated nitric and hydrochloric acid^: 
quickly soluble in solutions of the iodides of all the more positive metals, 
t. e. in excess of its precipitant, by formation of soluble double iodides; m 
(£I)^HgI^ variable to KIH^Ij. , A hot concentrated solution of pot as- 
sium iodide dissolves SHgl^ for every SKI. The first crystals from this 
solution are KIHgL . These are decomposed by pure water, and require 
a little alkali iodide for perfect solution, but they are soluble in alcohol 
and ether. A solution of dipotassium mercuric tetraiodide, K^Egl^ = 
(Kl)^Kgl^ (sometimes designated the iodo-hydrargyrate of potassium), is 
precipitated by animoniuni hydroxide as niercuraramonium iodide, NHg J 
(Nessler's test), and by the alkaloids (Mayers reagent). 

Potassium bromate precipMatea, from solutions of mercuroiis nUrate, mer- 
c\iro<ia brt>ma1t\ HgBrO^ , white, Boluble in excess of mercuroiis nitrate and 
in nitric acid; froni solutions of niereurtc nitrate, mercuric bromate, Hg-(BrO,)^, 
soluble in nitric acifl, hydroehloric acid» and in excess of mercuric nitrate^ 
soluble in 050 parts* of cold and 64 parts of hot water ( Rammelaberg', Potjt},. 1842, 
55^ 79). No precipitate is formed wht^n potassium bromate iw added to mercuric 
chloride (Sh, footnote). Iodic acid and poluble iodatcs precipitate ssolutions 
of mercuroua salts as mtrvurou» itxUitr, HglQi . white with yellowish tint, solu* 
ble with difficulty in dilute nitric acid* readily soluble in HCl by oxidation to 
mercuric salt. Mercuric nitrEtte is precipitated fis mcrenric i^td/ite^ Hg(IO,), , 
white, soluble in HCl , insoluble in HNO» and H.SO, . soluble in NH,Cl , trans- 
posed iind tlieu di.ssolvcd by KI . Mercuric chloride is not precipitated by 
KIO, (5^, footnidt') (Cameron, f. N., 1ST6, 33, 2^;i). 

;/, — ^Arseuous acid or arsenites form a white precipitate with mercurous 
nitrate, soluble in HNOq (Simon, Pot^tf., 1S37, 40. 442). Mercuric nitrate is 
precipitated b^^ a soliition of arsenoua acid; the precipitate is soluble in HHO^ 
(/>M 2, 2. S)20). Arsenic acid or Na.HAsO. preciiutatey from mercuroiis nitrate 
3Hg,AaO,.HgN03,H:,0 , li^rht yellow if the HgNO, he in excess fD„ 0, 2, 021); 
dark red Hg-.AsO^ if the wrscnate be in excess. Hg^^AsO^ is changed bv cold 
HCl to HgCl und H.AsO, , liy hoilinfr with HCl to Hr> . HgCl, , and hJAsO, i 
and is soluble unchauf^cd in cold HNO„ , insoluble in water and acetic acid 
(Simon. Poff<J*, 1^J7. 41, 424). Arsenic acid and soluble arsanates precipitate 
from mercuric nitrate, Hg'.(AsOjj . white, hcduble in HWO^ and HCl , sliphtly 
soluble in water. Arsenic ncid and potassium arsenate do not precipitate 
mercuric chloride from its solulious. 

StaanoiiB chloride precipitates solutions of mercuric salts (by reductionl, 
as niereviroi}^ chloriile, white; or if the Btannous fhloride be in excess, 
as metallic merctiry (a valuable final test for mercuric salts) (10). 

h, — Soluble ehromates precipitate from mereurous solutiouR mpmtrmtg 
chifmfite, HgsCrO^ , brick-red^ insoluble in water, readilj transpoRed by HCl to 
HgCl nud H-CrO^ , soluble with diflicu Uy iu HNO, without oxidation \Kichter, 
B.f 181S2* 15, MiSrib Mercuric nitrate iB precipitated by soluble chromates ns a 
liirht yellow precipitate, rapidly turnings dark brown, easily soluble in dilute 
acids and in H^l,.. ^! ere uric chloride forms a precipitate with normal chro* 
mates* but not with KjCr^O^ , 



7- Ignition,— Mt-rciiry from all it^ coinponTifls is volatiliKerl by heat a^ 
the iindecomposed gait or as the free metal. Mercurous chloride (Debray, 
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J, C, 1877, 31, 47) and bromide and mercuric chloride and iodide sublime 
(in glass tubes) undecomposeJ — the sublimate condensing (in the cold part 
of the tube) without change. Most other compounds of mercury are 
decomposed by vaporization, and give a sublimate of metallic mercury 
(mixed with sulphur, if from the sulphide, etc.). All compounds of mer- 
cury, dry and intimately mixed with dry sodium carbonate, and heated in 
a glass tube closed at one end, give a sublimate of metallic mercury as a 
gray mirror coat on the inner surface of the cold part of the tube. Under 
the magnifier, the coating is seen to consist of globules, and by gently 
rubbing with a glass rod or a wire, globules visible to the unaided eye are 
obtained. 

8. Detection. — Mercury in the mercurous condition belongs to the first 
GROUP (silver group), and is completely precipitated by HCl . It is iden- 
tified by the action of ammonium hydroxide, changing the white precipi- 
tate of mercurous chloride to the black precipitate of metallic mercury 
and nitrogen dihydrogen mercuric chloride (a delicate and characteristic 
test for Hg'). Mercury in the mercuric condition belongs to the second 
GROUP (tin and copper group), and is separated from all other metals of 
that group by the non-solubility of the sulphide in (NH4)j,S, and in dilute 
HNO., . The sulphide is dissolved in nitrohydrochloric acid, and the pres- 
ence of mercury confirmed by the i)recipitation of Hg° on a copper wire, or 
by the reduction to HgCI or Hg° by SnCL . 

0. Estimation. — (a) As metallic mercury. The mercury is reduced by means 
of CaO in a combustion-tube at a red heat in a current of CO2 . The sublimed 
mercury is condensed in a flask of water, and, after decantinpf the water, dried 
in a bell-jar over sulphuric acid without application of heat. The mercury may 
also be reduced from its solution by SnClo (or H,PO, at 100°) and dried as 
above, (b) As mercurous chloride. It is first reduced to Hg' by HsPO, (Uslar, 
Z., 1895, 34, 391), which must not be heated above 00°, otherwise metallic mer- 
cury will be formed; and after precipitation by HCl and drying- on a weighed 
filter at 100°, it is weighed as HgCl . Or enough HCl is added to combine with 
the mercury, then the Hg" is reduced to Hg' by FeS04 in presence of NaOH: 
2HgO -f 2FeO + 3H2O = Hg.O -f 2Fe(OH)5. H,SO, is added, which causes the 
formation of HgCl , which is dried on a weighed filter at 100°. (c) As HgS . 
It is precipitated by HjS, and weighed in same manner as the chloride. Any 
free sulphur mixed with the precipitate should be removed by CSj . (d) As 
HgO , by heating the nitrate in a bulb-tube in a current of dry air not hot 
enough to decompose the HgO. (e) Volumetrically, by Na.SjOs; from the 
nitrate the precipitate is yvJUnc, from the chloride it is ichHc: 

.]Hg(NO,), + 2Na,S,0, + 2H2O = HgaS,(NO,), -f 2Na,S0, + 4HNOs 
3HgCl, + 2Na2S20, + 2H,0 = Hg,S,CL + 2NaaS0, + 4HC1 . 

(0 Volumetrically, HgCU is reduced to Hg.O by FeSO^ in presence of KOH , 
and after acidulating with H2SO4 the excess of FeSO^ is determined by KaCroOr 
or KMnO^ (Jiiptner, C. (\, 1882, 727). {(;) By iodine. It is converted into HgCl 
and then dissolved in a graduated solution of I dissolved in KI: 2HgCl -f OKI -f 
I, = 2K2Hgl4 -t- 2KC1. The excess of iodine is determined by Na^S-Oa . (70 
The measured solution of HgCl, is added to a graduated solution of KI: 
4KI -f HgCls = K,Hgl4 -f 2KC1 . The instant the amount of HgCL shown 
in the equation is exceeded a red precipitate of Hgl, appears, (i) Volumetric, 
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by adding a few drops of ammonium hydroxide to HgCl, and then titrating 
with standard KCN , the ammonium hydroxide precipitate disappears when the 
mercury becomes Hg(CN), (Hannay, J. C, 1873, 26, 570; Tuson, J, C, 1877, 32, 
679). (/) Electrolytically, by obtaining the mercury as HgNO. , HgCNO.), , 
or HgjSO^ and precipitating as Hg** on platinum by the electric current. 
Mercuric chloride cannot be used, as it is partly reduced to Hg^l , and that 
is not readily reduced to Hg** by the electric current (Hannay, L c). 

10. Oxidation. — Free mercury (Hg°) precipitates Ag, An, and Pt from 
their solutions, and reduces mercuric salts to mercurous salts (Hada, J. C, 
1896, 69, 1667). Potassium permanganate in the cold oxidizes the metal 
to HgoO , when hot to HgO (Kirchmann, J. C, 1873, 26, 476). Mercury 
and mercurous salts are oxidized to mercuric salts by Br , CI , I , HNO^ , 
HoSO^ (concentrated and hot), and HCIO3 . 

Reducing agents, as Pb , Sn , Sn", Bi , CuS Cu', Cd , Al , Fe , Co , Zn , 
ThS Mg, H3PO2, H3PO3 and H2SO3, precipitate, from the solutions of 
mercuric and mercurous nitrates, dark-gray Hg° ; from solution of mer- 
curic chloride, or in presence of chlorides, first the white, HgCl , then gray 
Hg°. Strong acidulation with nitric acid interferes with the reduction, 
and heating promotes it. 

The reducing agent most frequently employed is stannous chloride: 

2HgCla 4- SnCl, = 2HgCl + SnCl* 

2HgCl 4- SnCla = 2Hg + SnCl* 
or HgClj + SnClj = Hg + SnCl^ 

also 2Hg(N0,), + SnCl, = 2HgCl + SnCNO,), 

A clean strip of copper, placed in a slightly acid solution of a salt of mer- 
cury, becomes coated with metallic mercury, and when gently rubbed 
with cloth or paper presents the tin-white lustre of the metal, the coating 
being driven of! by heat; 2HgN03 + Cu = 2Hg + Cu(NO.,)o . Formic acid 
reduces mercuric to mercurous chloride, and in the cold does not affect 
further reduction. Dry mercuric chloride, moistened with alcohol, is 
reduced by metallic iron, a bright strip of which is corroded soon after 
immersion into the powder tested (a delicate distinction from mercurous 
chloride). 

§59. Silver (Argentum) Ag = 107.92 . Monovalent. 

1. Properties. — Specific (fravity 10.512 heated in vacuo (Dumas, C. y., 1878, 37. 
82). Melting point, 9G0.7*' (Heyeock and Neville. ./. C, 1895, 67, 1024). Does not 
appreciably vaporize at 1567° (V. and C. Meyer, B., 1879, 12, 1428). It is the 
whitest of metals, harder than pold and softer than copper. Silver is hardened 
by copper; United States silver coin contains 90 per cent silver and 10 per cent 
copper. In malleability and ductility it is inferior only to gold; and as a con- 
ductor of heat and electricity \i exceeds all other metals. 

2. Occurrence. — Found in a free state in United States, Mexico, Peru. Siberia, 
etc.; more frequently in combination. Its most important ores are argentite or 

1 Held, C. N,, 1866, 12, 242 ; « Heumann, J. C, 1876, 28, 182. 
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silver glance, Ag^S , pyrarg^-rite, AgaSbS, , and horn silver, AgCl ; it is fre- 
quently found in paying quantities in galena, PbS , and copper pyrites, and 
in many other ores. 

3. Preparation. — (a) It is alloyed with lead by fusion and the lead separated 
by oxidation. (6) It is amalgamated with mercury and the mercury separated 
by distillation, (c) It is brought into solution and the metal precipitated by 
copper, (d) It is very easily reduced from the oxide or carbonate by heat 
alone, and from all its comix)unds by ignition with hydrogen, carbon, carbon 
monoxide and organic compounds. 

4. Oxides. — i^Urcr oxide, Ag,0 , argentic oxide, is formed by the action of 
alkali hydroxides on silver salts or by heating the carbonate to 200®. It is a 
brown powder, a strong oxidizing agent, decomposed at HOO** into metallic silver 
and oxygen. Concerning the existence of argentous oxide, Ag«0 , and silver 
peroxide, Ag^O. , and their properties, see Muthmann (B., 1887, 20, 983): Pford- 
ten (B., 1SS7. 20, 1458) and Bailey (C. A'., 1887, 65, 203). 

5. Solubilities. — «. — Metal. — The fixed alkaliJi do not act upon silver, hence 
silver crucibles are used instead of platinum for fusion with caustic alkalis. 
Ammonium hydroxide dissolves finely divided silver, no action if air be excluded. 
Acetic acid is*^ without action (Lea, \4/yi. *S*., 1892, 144, 444). Nitric acid is the 
ordinary- .solvent for silver, most effective when about 50 per cent, the dilute 
acid free from nitrous acid has little or no action (Lea, /. c); silver nitrate is 
formed and nitrogen peroxide is the chief product of the reduction of the 
nitric acid (Higley and Davis, Am., 1897, 18, 587). Silver is not oxidized by 
water or air at any tem|)erature: it is attacked by phosphorus or by substances 
easily liberating phosphorus: it is tarnished in contact with hydrosulphuric 
acid, soluble sulphides, and many organic compounds containing sulphur; 
except that pure dry hydrosulphuric acid is without action upon pure dry silver 
(Cabell, r. A'., 1884, 50, 208). Dilute suli)huric acid slowly dissolves finely 
divided silver (Lea, /. c), a sulphate is formed and, with the hot concentrated 
acid, sulphur dioxide is evolved. Hydrochloric acid. sp. gr., 1.20, is without action 
upon pure silver, but the metal is readily attacked by chl«>rine, bromine or 
iodine. /;.—0.nV/f.— Silver oxide, Ag,0 , soluble in 3000 parts of water, com- 
bines with nearly all acids, except CO. , forming the corresponding salts. The 
hydroxide is not known. 

c. — SaUs. — Silver forms a greater nuinbor of insoluble salts than any 
other known metal, though in this respect mercury and lead are quite 
similar. The nitrate is very solul)lc in water, 100 parts HoO dissolving 
227.3 parts AgNO.^ at 19./)°, soluble in glycerol, and sparingly soluble in 
alcohol and ether. The chlorate dissolves in about ten parts cold water; 
the acetate in 100 parts; the sulphate in about 200 parts cold water and 
88 parts at 100°, and is more soluble in nitric or sulphuric acid than in 
water; the borate, thiosulphate, and citrate are sparingly soluble in water. 
The oxalate, tartrate, carbonate, cyanide, ferrocyanide, ferricyanide, phos- 
phate, sulphide, sulphite, chloride, bromide, iodide, iodate, arsenite, arse- 
nate, and chromate are insoluble in water. 

The chloride is soluble in 244 parts HCl , but its solubility is very much 
lessened by the presence of mercurous chloride (Kuyssen and Varenne, Bh, 
1881, 36, 5). If a solution of silver nitrate be dropped into concentrated 
hydrochloric acid no precipitate appears until one half per cent of the 
HCl becomes AgCl (Pierre, J. C, 1872, 25, 123). Concentrated nitric acid 
upon long continued boiling scarcely attacks Ag^l (Thorpe, J, C, 1872, 25, 
453) ; sulphuric acid, sp, gr. 1.84, completely .transposes even the fused 
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chloride on long boiling (Saner, J. C, 1874, 27, 335). Silver chloride is 
also soluble in ammonium hydroxide and carbonate; in sodium chloride 
forming a double salt; in a concentrated solution of mercuric nitrate 
(§68, 1; §58, ob footnote); and in many other metallic chlorides and 
alkali salts to a greater or less extent. All the salts of silver which are 
insoluble in water are soluble in ammonium hydroxide, except the sulphide 
and iodide; in ammonium carbonate, except the bromide, iodide, and 
sulphide, the bromide very slightly soluble; in cold dilute nitric acid, 
except the chloride, bromide, bromate, iodide, iodate, cyanide, and thio- 
cyanate ; in a solution of potassium cyanide (and by many other cyanides) 
except the sulphide; and in alkali thiosulphates almost without exception. 

6. Eeactions. a. — The fixed alkali hydroxides precipitate from solu- 
tions of silver salts (in absence of citrates), silver oxide, AgoO , grayish 
brown, insoluble in excess of the reagents ; soluble in acids, alkali cyanides, 
and thiosulphates; somewhat soluble in ammonium salts. Most silver 
salts are transposed on boiling with the fixed alkalis, except the iodide, 
which is not thus transposed (Vogel, J. C, 1871, 24, 313). 

Ammoniuin hydroxide, in neutral solutions of silver salts, forms the 
same precipitate, Ag^O , very easily dissolving in excess, by formation of 
ammonium silver oxide, WH^AgO : AgNOg + 2I[ILfiIL = WH^AgO + 
ITH^NOs + H2O (Prescott, J. Am, Soc, 1880, 2, 32). In solutions con- 
taining much free acid, all precipitation is prevented by the ammonium 
salt formed. 

Alkali carbonates precipitate silver carbonate, Ag2C03 , white or yellow- 
ish white, very slightly soluble in water and in the fixed alkali carbonates, 
readily soluble in ammonium hydroxide and carbonate, transposed by 
inorganic acids forming the corresponding salts. Carbon dioxide does 
not transpose silver salts. 

6, — Oxalic acid and soluble oxalates precipitate silver oxalate, Ag2C,0« , white, 
slightly soluble in water, soluble with difficulty in dilute nitric or sulphuric 
acids, readily solifble in ammonium hydroxide. When heated it decomposes 
with detonation, forming* metallic silver. 

Fotassium cyanide precipitates from neutral or slightly acid solutions 
silver cyanide, AgCN, white, quickly soluble in excess of the reagent as 
silver potassium cyanide, AgCN.KClT . Hydrocyanic acid precipitates 
solutions of silver salts but the precipitate does not dissolve in excess of 
the reagent. Silver cyanide is transposed by HjSO^ or HCl and is soluble 
in ammonium hydroxide and carbonate (Schneider, J. /?r., 1868, 104, 83). 
The ready solubility of nearly all silver compounds in potassium cyanide 
(5c) affords a means of separating silver from many minerals. 

Potassium ferrocyanide precipitates silver ferroeyanide, Ag^reCCN)^, yellow- 
ish white, soluble with difficulty in ammonium hydroxide and cari>onate; 
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metallic silver separates on boiling and a ferricyanide is formed. The ferro- 
cyanide is not decomposed by hydrochloric acid, but it is changed to the 
ferricyanide by nitric acid. Exposure to the air gives it a blue tinge. Potas- 
sium ferricyanide precipitates silrcr fcrricyanitle, AgsFe(CN)« , reddish yellow, 
readily soluble in ammonium hydroxide and carbonate. JPotassium thiocyanate 
gives sUver thiocynnati\ AgCNS , white, soluble in ammonium hydroxide and 
carbonate, insoluble in dilute acids. Concentrated sulphuric acid with the aid 
of heat dissolves silver thiocyanate when some free silver nitrate is present. This? 
may be used as a separation from silver chloride, which is transposed by hot 
concentrated sulphuric acid only on long-continued boiling (5c). To effect this 
separation a little silver nitrate should be added to the silver precipitates and 
then concentrated sulphuric acid and heat. To avoid danger of decomposition 
of the chloride the mixture should not be heated above 200**. The pure silver 
thiocyanate (silver nitrate being absent) is decomposed by hot concentrated 
sulphuric acid with formation of a black i)recipitate containing silver. 

r. — Silver nitrate is soluble in 500 parts of concentrated nitric acid (Schultz, 
Z. Ch., 1869, 531), and is precipitated from its concentrated water solutions by 
the addition of concentrated nitric acid, f/.— Disodium phosphate precipitates 
silver phosphate, AgsPO^ , yellow, soluble in dilute nitric acid, in phosphoric 
acid, and in ammonium hydroxide and carbonate; but little soluble in dilute 
acetic acid. Sodium pyrophosphate precipitates ttilnr pyrophosphate, white, same 
solubilities as the orthophosphate. 

e. — Hydrosulphuric acid and soluble sulphides precipitate from neutral 
acid or alkaline solutions silver sulphide , AgoS , black, soluble in moderately 
concentrated nitric acid (distinction from mercury), insoluble in potassium 
cyanide (distinction from copper), insoluble in alkali sulphides (distinction 
from arsenic, antimony, and tin). Certain insoluble sulphides form silver 
sulphide from solutions of silver nitrate,* c. g,, cupric sulphide gives silver 
sulphide, cuprous sulphide gives silver sulphide and metallic silver, in 
both cases cupric nitrate resulting (Schneider, J. C, 1875, 28, 133 an<I 
612). 

Thiosulphates precipitate silver thioaulphate, AgjS.O, , white, unstabio. 
readily soluble in excess of the precipitant, by formation of double thiosul- 
phates; with excess of sodium thiosulphate Na4Ag2(S208), is formed (Cohen, 
J. C, 1890, 70, ii, 167). Silver thiosulphate turns black on standing or heating: 
AgaSjOa 4- HjO = AgjS + HjSO^ . Sulphurous acid and soluble sulphites 
precipitate silver sulphite, AgsSO, , white, readily soluble in excess of alkali 
sulphite or in dilute nitric acid: on boiling precipitated as metallic silver with 
formation of sulphuric acid. Sulphuric acid and soluble sulphates i^recipitate 
silver sulphate, AgjSO^ , white, from concentrated solutions of the nitrate or 
chlorate; sparingly soluble in water, quite soluble in concentrated sulphuric 
acid. 

/. — Hydrochloric acid and soluble chlorides precipitate silver clilori'lr, 
AgCl, white, curdy; separated on shaking the solution; turning violet to 
brown on exposure to the light; fusible without decomposition; very 
easily soluble in ammonium hydroxide as ammonio silver chloriffe, 
(NH3)8(AgCl)2 (Jarry, C. r., 1897^1 124, 288). If mercurous chloride bo 
present with silver chloride the solubility in ammonium hydroxide is 

* AgaS Is one of the least soluble of the sulphides. See {07, 6e, footnote. 
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greatly lessened, in fact a great excess of mercurous chloride may entirely 
prevent the solution of silver chloride in anrnionium hydroxide hy form i rig 
metallic silver. Silver chloride is quite soluble in a solution of mercuric 
nitrate, which, if present in krge excess, may entirely prevent the pre- 
cipitation of the silver chloride by hydrochloric acid. Tlie precipitation 
by hydrochloric acid (in absence of a great excess of Hg{NOa)n) is the mast 
delicate of the ordinary tests for silver, being recognized in SBOjOOQ parfi^ 
of water. As mercuric salts are not at alt precipitated by HCl and lead 
salts only imperfectly, silver is the only metal which belongs exclusively 

to the FIRST OR SILVER GROrP OF BASES (§16). 

Hydrobromie acid and soliible hrnmidcs precipitnte mfvci' hrrtmide^ AgBr ^ 
white, with a s^Hght ^^llowish tint* but sligfhtly aolubl*' in exoe^s of alkaU 
bromides, and mneh Ipsb easily soluble in ammonium bydroxiilte thim silver 
chloride. If silvt^r nitrate be added to a bromide containing^ an excess of am- 
monium hydroxide, the precipitnte which first forms readily dissolves on fehak* 
ing; no solution is obtained with the Iodide, 

Hydrlodic acid and soluble iodides precipitate »ih-€r ifHlitle, Agl , pale yellow, 
sohible in exeess of the c outwent rated reagents by formation of double iodides, 
as KIA^X , which are decomposed by dilution with much water. The precipi- 
tate dissolves in Sfi.OOO porta of ten per t*ent ammonium hydroxide; not at all in 
A five pi^r cent solution (Longi, Ga^::Ptta, 1883, 13, H7), It is insoluble in dilute 
acids* but is decom poised by hot concent ratinl nitric or sulphurJc acids. 

S liter hrmmtic formed by addluR- potassium br ornate to silver nitrate Is soluble 
in about OOO parts water and in 'A2i)A parts nitric uckl inft. tjr.^ 1*21) at '^^^y and 
readily soluble in ammonium liydroxide. i^Hvcr iofliiff formed in manner simi- 
lar to the bromate is soluble in aboat 28/M)0 part« waiter and in 1044.3 parts 
nitric acid (*/?. f/r., LSI) at £5**, and readily soluble in ammonium hydroxide | 

(Longi, I. f*,). I 

/?.— Soluble arsenites precipitate sihrr aramitc, Ag^AsO, , yellow, very readily j 

soluble in dilutf ucids and in ammonium hydroxide. Soluble arsenates precipi- ♦ ! 

tate ^Irrr firgrntitv, A^^AsO, , red^browTi, soluble in ammonium hydroxide, | 

nitric acid, arsenic acid, and almost insoluble in acetic acid. 



A solution of alkali staimite— as K^SnOj, — precipitates metaUic silver 
from solutions^ of ^ilvur smalts. A solution of silver uitrate in a great 
exeeBs of aimiionium hydroxide constitutes a very delicate reagent tf> 
deteet the presence of tin in the stannous condition in the preeenee oi fixed 
alkalis; antimony does not interfere if a great exccBs of ammoninra hy- 
droxide he present, 

h, — dironaates and dichromfttee, as KjCrO* and KjOr^Of . precipitate sifrrr 
rhf^omiitv, AgiCrO^ , dull- red » siiaring-ly soluble in water and in dilute nitric 
acid* soluble in ammonium hydroxide. 

7. I^ltlon, — Silver nitrate melts undecompo^ed at 218"* at a red heat it }^ 
decomt*osicd into Ag° , O , If » and NO (Fisfhcr, Pf^/., IS4S, 74, 120). Silver 
chloride fuses at 451', the bromide at 427°, and the iodide at 527'', On charcoal 
with jiotUnm carbonnte, silver is reduced from all its compounds hy the blow- 
pipe, attcfitcd by a brijtrbt miilleable (globule. Lead and xinc, and elements more 
voiatil*", may be eeparated from silver by their gradual volatilissation under 
tbe blmv-pipc, or in the assay furnace (see Cupellation in works on the assay 
of the precious metals). 
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8. Detection. — Silver is ideiitifitMl by ita precipitation with hydrochloric 
acid, the insolubility of the precipitate in hot water, and its solubility in 
ammonium hydroxide, with reprecipitation on rendering acid with nitric 
acid (§61). 

9. Estimation. — (a) As metallic silver, into which it is converted by direct 
ig-nition if it is the oxide or carbonate, or by igfnition in hydrogen if the 
chloride, bromide, iodide or sulphide (Vogel, J. C, 1871, 24, 1009). (ft) It is 
precipitated as AgCl , and after if^niting to incipient fusion, weighed, (r) It is 
coiiverteci into Ag^S by H^S , and weij^hed after drying at 100°; inadmissible 
in iHi>v of an acid that might liberate free sulphur, (d) Add KCN until a 
solution of KAg(CN)2 is formed, j)recii)itate with HNO, , and after drying at 
IDO'. weigh as AgCN . (f) Volumetrically, by adding a graduated solution of 
NaCl until a ])rc('ij)i1ate is nt) longer formed. This maj' be varied by adding 
the ni(»asnrefl silver solution to the graduated NaCl solution, containing a few 
drops of K.Cr04 , until the red precipitate begins to form, (f) Volumetrically, 
add a graduated solution of ammonium thiocyanate, containing ferric sulphate, 
until the red color ceases to disappear. (<j) Add the measured silver solution 
to a standard solution of KCN until a pennanent white precipitate is formed. 

10. Oxidation. — Metallic silver precipitates gold and platinum from 
thrir solutions, reduces cu])ric chloride to cu])rous chloride,^ mercuric 
chloride to mercurous chloride, and permanganates to manganese dioxide-. 
Silver is precipitated from its solutions ])y: Pb , PbS^, Hg , As*, AsHs , 
Sb, SbH^, Sn, Sn", Bi, Cu, Cu'^ Cd, Te, I'e, FeSS Al, Mn, Zn, Mg, 
P% PH, , H,PO, , H.SO, , SiH/, H,0,«, and H (very slo^vly)^ 

In alkaline mixture silver is also reduced by Hg', As'", Sb"', Bi"', and 
Mn". An amalgam of mercury and tin reduces insoluble compounds of 
silver in the wet way, the silver amalgamates with the mercury and the 
tin becomes Sn^^ (Laur, C. r., 188-2, 95, 38). 

Ferrous sulphate in the cold incompletely reduces silver salts; on boiling", the 
ferric salt formed is reduced and the silver dissolved (Lea, /. c). In the gradual 
reduction of silver by certain organic reagents, the metal is obtained as a bright 
silver coating or mirror upon the inner surface of the test tube or other glass 
vessel. Usually a slightly ammoniacal solution of silver nitrate is used and 
allowed to stand some time with the reagent: such as alcoholic solution of oil 
of cloves or cassia, formic acid, aldehyde, chloral, tartaric acid, etc. Gentle 
warming facilitates. the result. If a good mirror is desired, great care must be 
taken to free the inner surface of the glass from all organic impurities by- 
careful washing with ether, chloroform, etc. In these deoxidations, generally 
the nitric acid radical of the silver nitrate is not decomposed, but nitric acid is 
left: 4AgN03 + SH^O = 4Aff + 4HN0, + O.. . 

Light acts upon nearly all salts of silver when mixed with gelatine or other 
organic substances used in preparing photographic plates, etc. It is quite 
probable that the silver is reduced to metallic silver or argentous oxide, Ag^O , 
or both: but the action is not well nnderstood. The nitrate in crystal or pure 
water solution, the phosphate, bromide, iodide and cyanide are not decomposed 
by light alone; but light greatly hastens their decomposition by organic sub- 
stances, or other reducing agents, as of solution of silver nitrate in rain water, 
or written as an ink upon fabrics. Silver is the base of most indelible inks. 

» Lea, ^w.i>., 1802, 144,444. a D., 2, 2, 759. • Skey, C. lY., 1871, 28, 232. « Sendorens, C. r., 1887, 
104, 175. * D., 2, 1, 456. • Riejflor, J. C, 1896, 70, li, 471. ^ Pellet, B., 1874, 7, 656 ; Schwarzenbach 
and Kritschewsky, Z., 1886, 25, 374 ; Cooke, C. JV., 1888, 58. 103. • Millon, Am, S., 1863, 86. 417. 
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DlRECTIONB FOR THE AkaLYSIS OF THE MeTALS OF THE FIB6T GBOnP. 

§62. Jttaaipnlation.— To the soldtion add hydrochloric acid (whenever 
directions call for the addition of a reagent it is to be need reagent 
strength unless otherwise stated) drop by drop (§S2) until no further 
precipitate is formed and the solution is distinctly add to htnius (^36). 
The precipitate will consist of the ehlnrides of Pb , Hg', and Ag , e, g.^ 
Pb(ir03)2 + 2HC1 — PbCL + 2HHO3 . Shake thoroughly and allow to' 
stand a few moments before filtering; if the solution is wami it should 
be cooled to the temperature of the room. Decant the solution and 
precipitate upon a filter paper previously wetted (p5) with water and 
wash two or three times with cold water or until the filtrate is not strongly 
acid to litmus. The washings with cold water should be added to the 
first filtrate and the whole marked and set aside to be tested for the 
metals of the remaining groups (§16). 

§63> yo(€«.^l, Faikire to obtain a precipitate upon the addition of HCl to 
an neid reaction is proof of the absence of Hg' and Ag- , but a solution of a 
lead Bait may be present, of Bueh a deg^ree of dilution that the lead chloride 
formt*d will i>e eohible in the dilute acid (S57» be). 

2. The solution should fjot be strong-ly acid with nitric acid, as It forms 
nitrohjdrochloric acid with the hydrochloric acid, causing oxidation of the 
Hg' (§58j 5e). Lead chloride is also more soluble in nitric acid than in dilute 
hydrochloric acid (557, fi^). By a study of the aotnbilities of the Kilver g-roup 
ttietals it win be Reen that H^SO^ , HCl , HBr or HI cannot be used in prepar- 
ing a solution for analysis when these metals are present 

3. A great excess of acid is to be avoided* as it may interf**re with the reac- 
tion in Group II. (§67, 6e). Complete precipitation should l>e aiisttred by 
testing the filtrate with a drop of HCl » when no further precipitation t^hould 
occur (132), If a white preetpitate is formed b^^ adding a drop of HCl to 
the filtrate it is evident that the precipitation was not complete and more 
HCl should be added and the group separation repeated. 

4. The presence of a slight excels of dilute acid does not aid or hinder the 
precipitation of the Hg' or Agf , but as PbCl, is less soluble in dilute HCl 
than in water, a mocierate excess of the acid causes a more complete precipita* 
tion of thiit metal in the first group. 

5* Conrrnf rated HCl dissolves the chlorides of the first group quite appre- 
ciably (959, 5f). 

6. iiydrochloHc acid added to certain solutions may cause a precipitate 
when none of the first group metals are present. Some of the m*ire important 
conditions are mentioned; 

a. A concentrated soluti^in of BaCl, Is precipitated without change by the 
addition of HCl , readily soluble in water (S186, 5r). 

b. An acid solution of Sb , Bi , or Sn , with some other acid* than HCl, 
and saturated with water as far as possible without precipitation, on the 
addition of HCl , precipitates the oxychloride of the corresponding metal 
(§76, 6/). These precipitates are readily soluble in an excess of the HCl . It 
must, however^ be remembered that a trace of AgCl will also be dissolved by 
aB excess of HCl (§59, 5c). 

c. Solutions of metallic oxides in the alkali hydroxides are precipitated wheti 
neutrmliEed with acids, c. /;., K.ZnO, + 2HC1 == Zii{OH)i + 2KC1 , 

d. The sulphides of As , Sb , Sn , Au , Ft , Mo (Tr , W , 0« , T , Se and Ta) 
In solution with the alkali poly sulphides are reprecipitatt'd together with 
sulphur on the addition of HCl (§09, (\e). 

e* Sohibie polystiiphides and thiosulphates gtve a precipitate of sulphur, 
white, with HCl (S256, 3a), 
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f. Certain soluble double cyanides, as Ni(CN)2.2KCN' , are precipitated 
as insoluble cyanides, Ni(CN)2 , on the addition of HCl (9133, 66). 

g. Solutions of silicates (§249, 4), borates, tungrstates, molybdates; also 
benzoates, salicylates, urates, and certain other organic salts, are precipitated 
by acidulation with HCl , many of the precipitates being soluble on further 
addition of the acid. 

h. Acidulation with HCl may induce changes of oxidation or reduction, 
which in certain mixtures may result in precipitation: for example, Cu'^ salts 
with KCNS in ammoniacal solution (§77, 06); mixture of solutions of XI and 
KIO. (§280, 6, i?, 7), etc. 

7. If the precipitate, obtained by the addition of HCl to the solution, is 
colored or does not give further reactions which are conclusive and perfectly 
satisfactory in every resp<»ct, it should be separated' by filtration, and treated 
as a solid substance taken for examination (see conversion of solids into 
liquids, §301). 

8. Compounds of the first group metals insoluble in water or acids are trans- 
posed to sulphides by digestion with an alkali sulphide. The lead and silver 
sulphides thus formed are readily soluble in hot dilute nitric acid. The mer- 
curous compounds are changed to mercuric sulphide (§58, 5a and 6c), a second 
group mercury compound insoluble in HNO, . 

9. If but oiie metal of the first group be present, the action of NH4OH 
determines which it is; PbCl, does not change color or dissolve; HgCl blackens; 
and AgCl dissolves (§60). 

§64. Manipulation. — The precipitate (white) on the filter should now 
be washed once or twice with hot water. The first hot water should be 
poured upon the precipitate a second time. This hot filtrate is divided 
into four portions and each portion tested separately for lead with the 
following reagents, HoSO^ , HoS , IS^^CxJ^^ , and KI (§57, 6 e, h, and f) : 
PbCl, + H,S0, = PbSO, (white) + 2HC1 
PbCl, + H,S = PbS (black) + 2HC1 

2PbCl, + KaCr^OT + H,0 = 2PbCr0, (yellow) + 2KC1 + 2Ha 
PbCl, 4- 2KI = Pbl, (yellow) + 2KC1 

The yellow precipitate with potassium iodide (the KI must not be used 
in great excess (§57, 5c)) should be allowed to settle, the liquid decanted, 
and the precipitate redissolved in hot water, to a colorless solution which 
upon cooling deposits beautiful yellow crystalline scales of Pbl, (charac- 
teristic of lead). 

§65. Notes, — 1. Lead is never completely precipitated in the first group 
(§57, Qf). The presence of a moderate excess of dilute HCl and the cooling of 
the solution both favor the precipitation. 

2. Lead can be completely separated from the second group metals by sul- 
phuric acid applied to the original solution (§57, 6<?, §95 and §98), but that 
would necessitate a regrrouping" of the metals; as, Ba , Sr, and Ca would also 
be precipitated (Zettnow, Z., 1867, 6, 438). 

3. In order to precipitate the lead chloride, not removed in the first group, in 
the second group with HjS , the solutions must not be strongly acid, either 
the excess of HCl should be removed by evaporation or the solution should be 
diluted (§57, 6e, and §81, 3, 5 and 9). 

4. If the lead chloride is not all washed out with hot water it is changed to 
an insoluble basic salt (white) by the NH4OH , part remaining on the filter 
and part carried through mechanically which causes turbidity to the am- 
monium hydroxide solution of the Ag^l and makes necessary the filtration 
of that solution before the addition of HNO, , otherwise it does not interfere. 

5. The precipitation of lead as the sulphide while not characteristic of lead. 
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is eseeedinfirly delicate* much more «o than the formation of the white PbSOj 
(|57| 5e)* In extremely dilute solutions no precipitate occtjrs, mtrely a brown 
coloration to the soJuiion. The presjeufe of free acid lessens the dclicjicy of 
the test. 

t». PbCrO* is blackened by nlkab sulphides and diasolved by thr fls:cd alkalis 
(important distinction from BaCrOj: the Kolubility in the Hxed alkalis is ulso 
an important distinction from bismuth chromiite (|76t Oft). 

7. Other tests for lead by reduction on ehareoal before the blow-pipe, or in 
the wet way by Zn, should not lie omitted (S57, 7 an<l 10). If to a solntion of 
lead saJt nearly iieutral a strip of kiuc be added, the lead will soon be deposited 
on the zinc as a spongy mass. 

§66. Manipnlation^^The white precipitate remaining on the iilter after 
washing with liot water eonslsts of HgCi and AgCl , with usually eome 
PbClj w^hich was not removed. To thia precipitate NH^OE , one or two cc. 
is added and allowed to pass through the filter into a eiean te^t-tnbe. 
An inBtantaneous hhickening of the precipitate is conclusive evidence of 
the presence of mercnroBum ; SHgCl + ^NH^OH ^ Hg + NH..HgCl + 
HH^Cl + 2H,0 , 

The AgCl h dissolved by the NH.OH : ^:^AgCl + 3NH,0H = 3irH^ . 
SAgCl -|- 3H.0, and is found in the filtrate; iti* presence being confirmed 
by its reprecipitation on rendering the solntion acid with HHOj^ : dlTK^ . 
2AgCl + 3HHO3 ^ 2AgCl + SNH.NO,, . 

107* ^'*>^r*,— Mercury.— 1. The black preeipitate on the filter, caused by the 
addition of NHtOH to the HgCl may be examined under the mieniscope for 
the deteetion ot K'lobules of Hg*", or the precipitate may be digested with 
concentrated solution of (^Hj>SO^ » which di&solves the*NH,HgCl^ leaving' 
theHg' unattacked (§68, trfi), 

2. If the orig-inal solution contains no interfering" metals, the distinctive 
reactions of raerrurous snlts with iodides^ chroma tes and phosphates should be 
obtaiued (|58, Or, h and d), 

X The precipitntion with HCl and blackening with NH^OH is conclusive evi- 
dence of the presence of mercury in the iiiercurouB condition; should further 
confirmation be desired* the b^ack precipitate may bf dissolved in nitro- 
byd rochloric acid* the excess of acid removed by evaporation and the free 
mc*ta] obtained as a coating on a copper wire, by immersing the freshly 
poHshed wtrt? in the solution of HgCl- (558, 10). 

4. Sk'rcury has but few soluble mereurous compounds, and in preparing 
solutions of the insoluble cotn pounds for analysis, oxidizing agent* are usually 
employed and the nii^rcury is then found entirely in the second group as a 
sti 1 ph i d e ( 196 a n d S 97 ) . 

5. Additional proof may be obtained by mixing a portion of the blaek refold ue 
with sodium carbonate, drying and heating in a g-tass tube (read |5S, 7* also 
597, 7). 

168. Silver.— 1, The presence of a lar^^e excess of Hg(NO,)i prevents the 
precipitation of AgCl from solutions of stiver salts by HCl (§59^ '>^)* In this 
ease the metals should bt- precipitated by H3S and the well-washed precipitate 
digested with hot dllnte HNO, . The silver" is dissolved as AgNO, , while the 
merc-ury is unattneked: 6Ag,S + HlHNO, = l2AgN0» + 3S, + 4N0 + ^H,0 , 
After evaporation of the exeess of HNO« the solntion may be treated with 
HCl as an original solution. 

2. A small amount of AgCl wilh a larire amount of HgCI is not dissolved by 
NH^OH . but is rcduft'd to Ag^ by the Hg^ fonncd bv the addition of the 
NH.OH to the H^l {§58, tW. ^59, 10 and 560). 

3. If Hg' be present and Ag i& not detected, the black precipitate on the 
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filter fthoiild be diffested for some time with (NH«).8 , washed, and boiled with 
hot dilute nitric acid. The Ag , if any be present, is dissolved and separated 
from the HgS : 

NH,HgCl + (NH,),S -f 2H,0 = HgS + NH.Cl + 2NE«0H 

Hg + (NHJ^S, = HgS + (NHJ A., 

4. If only a trace of silver bt* present, its detection by adding HSTO, to the 
NH^OH solution of the chloride may fail, unless the excess of the NH4OH be 
first removed by evaporation (because of the solubility of the Ag^l in the 
ammonium salt, §59, 5r). 

.>. As a further test for silver, the chloricle, precipitated by the nitric acid, 
may be reduced to the metal by zinc: by adding* to the ammoniacal solution 
a few drops of potassium stannite (§71, On and 8); by warming with grape 
sugar in alkaline mixture. In all cases the well-washed grayish black metal 
may be dissolved in nitric acid as AgNO, . 

r>. To identify the acid of silver salts which are insoluble in HKOa(Ag€n., 
AgBr , Agl), (/) Add metallic zinc and a drop of H3SO4 : when the silver is all 
reduced test for the acid in the filtrate, (i) Fuse with Na^GOa , add water, 
and test the filtrate for acids. (.?) Add H.S . or an alkali sulphide, digest 
warm for a few minutes, filter and test filtrate for acids, (j) Boil with KOH 
or NaOH (free from HCl), and test the filtrate in the same manner. It must 
not be overlooked that by the first three methods, and not by the last, 
bromates and iodates are reduced to bromides and iodides (§257, 6B). 



The Tin and Copper Group (Second Group). 

Arsenic, Antimony, Tin, Gold, Platinum, Molybdenum, Mercury, Lead, 
Bismuth, Copper, Cadmium (Ruthenium, Rliodium, Palladium, Iridium, 
Osmium, Tungsten, Vanadium, Germanium, Tellurium, Seleniiun). 

The Tin Group (Second Group, Division A). 

Arsenic, Antimony, Tin, Gold, Platinum, Molybdenum (Iridium, Tungs- 
ten, Vanadium, Germanium, Selenium, Tellurium). 

§69. Arsenic. As = 75.0. Valence three and five. 

1. Properties. — ^p€oifi<* gmvitiiy pure crystalline 5.727 at 14**: amorphous 4.716 
(Bettendorff. .4... lS(i7, 144, 110). Milfinff paint, at dull red heat, under pressure 
in sealed tube (Landolt, J., lSo9, l?s2): between the melting- point of antimony 
and silver (Mallet, C, N., 1ST2, 26, 97). VoUUilizat in an atmosphere of coal gas 
without melting at 450*' (Conechy, t\ A'., 18b0, 41. IbU). V///>or duisity (H = 1), 
147.2 (Deville and Froost, (.'. /*., IrtGS, 56, S91): therefore the molecule is assumed 
to contain four atoms (As^). At a white heat the vapor density is less, but 
the dissociation is not low enough to indicate As, (Mcnsching and V. Meyer, 
B,t lbi.'57, 20, 1833). Arsenic exists in two forms, crystalline and amorphous. 
The crystalline arsenic is steel-gray with a metallic luster, brittle and easily 
pulverizable; forms beautiful rhombic crystals on sublimation with slow 
condensation. For ductility, malleability, etc., see D., 2, 1. IGl. Amorphous 
arsenic is grayish black, of less specific gravity than the crystalline; long* 
heating changes it to Ihe crystalline form (Kngel, C. r., 18S3, 96, 1314). The 
vapor of arsenic is citron-yellow (Le Ifoux, V. r., ISOO. 51, 171), with an oppres- 
sive and poisonous alliaceous odor. It is slowly oxidized in moist (not in dry) 
air at ordinary lemperature; when heated in the air, it burns with a bluish 
flame and becomes the white arsenous anhydride, ASaO, . The burning metal 
evolves a stron^r garlic odor, not noticed when the pure arsenous anhydride is 
sublimed. In its physical properties arsenic is a met-al, but its failure to act 
as a base with oxvacids classes it chemically with the non-metallic elementa 
(Adie, J. C, 1889, 55, 157; Stavenhagen, Z. anycic, 1893, 283). Its chief use as a 
metal is in mixing with lead for making shot. 
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2. Occurrence.— Arsenic is very widely distributed geog^raphieally. Foynd 
native; as ASjOa; us an alloy with other metals^ e.g., TeAs^ , NiAa , CoNiAs,: 
■im realt^ar, Afi^S, : orpiment, Aa.Sn ; arsenical pyrlteis, FeAsFeSj ■ n& an iirsunate 
In cobalt liloom, COa(AsOjj; and in a great variety of minerals. Most sulphide 
ore« of zinc and iron foutain arsenic, hence arsenic is frequently found in 
these njetals and in sulphniie acid made from the sulphnr* and also in the 
prod u ft s iiiiide therefrom, 

Ti. Preparation. — (J) Reduced from its oxide by iR^niljon with carbon j 2Aa,0j, 
-h 3C ^ As^ -|- 3C0a . (2) From arsenical pyrites, FeAsTeS^ , by simple igni- 
tion, air being excluded; 4(reAs.FeS3)* ^ SFeS + As^ . (J) From orpimcnt» 
As..S.n . hv fusion with sodium carbonate and potassium cyanide; 2AS:^Ba + 
6Nk,C0. + <3KCN " As, -h ONa,S + tiKCNO + 6CO3 . 

4. Oxides. — Arsenic forma two oxides: arscnous oxide or Buhydride* As.Og 
(Biltz, Z. ph}fH. Vh„ isim. 19, 3.sr>: C. (\, I81i5. 793) . and arsenjc oxide'or anhydride, 
Ae^Or, . Arsenoua oxide, As^O, {whUe nr^tenlc, firsenon» tmhud^'ide, arsenom n^id, 
itravnir trutHtU)^ is usually prepared by burning arsenic: it may alpo be prepared 
by heating arsenic in sulphuric acid til! SO^ is evolved, or by deeota posing 
AsCl^ with H,0 . It suhlimea eaaUy on gradually heating, forming beautiful 
octahedral and tetraheriral crystals. On suddenly heating under pressure it 
melts, and on cooling forma the opaque arsenic glass. It is* very poisonous, 
usnaily producing violent vomiting. One hundred fifty mi Hi grama are con- 
sidered a fatal dose for au adult. Xo acids (hydroxides) of arsenovis anhydride 
(oxide) have been isolated; but its solutions with bases form salts, arsenites, 
as if derived from the meta, ortho, and pyro arsenous acirls. The alkali 
arsenitcs are ue^nalJy meta cnmpoundfi; the nrsenites of the alkaline earths and 
heavy metala are nstially ortho componiids (D., 2, 1, 170). 

Arsenic pentoxlde, AsvO^ (tirfiVNir tnihudrUlr. ar^niic o.ri(lc). ib formed by heat- 
inif arsenic at-id, H,As6^ iRerzelius, A. Vh.^ isitl, 11, 22."i), It is a white 
amorphous mass, mcltH at a dull red heat, is slowly driiqitrHfrttt, combining 
Avith water to form HaAsOt . The pentoxide, As.O^^ , forms three acids or 
hydro^irles: nu^f a arsenic aeid, HAsO^ = AsO, (OH); ortho-arsenic acid, 
HaAaO, = AsO(OH),; and pyr(i-ars*."nic acid, H|As,0^ = As,Oa(OH), ; each 
of these forming a distinct class of arsenates with bases. Ortho-arsenic acid is 
fornted by adding water to arsenic anbydride, As,Ob + 3H.0 ^=^ SH^AsO^ , 
or by oxidiifiing arsenic or arsenic anhydride with nitric acid, Pyro-arsenic 
avid is formed by heating the ortho oeid to between 140* and ^W: 2HaAsO^ =- 
H^As.O. -\- H,0. The* meta acid is formed hv heating the ortho or pvro acid 
to -inr;^ H.AsO, = HAsO, -h H,0 < D., ^ f\). 

:*. Solubilities, — it, — Mi:iHL — Arsenic is insoluble in pure water. It is readily 
Attacked hy dry chlorine and bromine upon contact and by iodine with the aid 
of heat, Ar^enous chloride, bromide and iodide are formed. It combines 
with sulphur, forming from As. 6. to Ae^S^ , depending- upon the proportion of 
sulphur pt'esent (Gclis, A. T^,, lH7a» (4), 30, U4). Chlorine and bromine iu 
presence of water oxidisEe it, first to arsenons then to arsenic acid (Millon, 
A. fVf., 1842, (3), 6, 101): As, + lOCU + ir>H,0 = 4H4A&O, + 20HC1 . It is not 
attacked by concentrated hydrtHdilorie acid at ordinary temperature and but 
slowly by the hot acid in presence of air forniing Aa.O^ , then AbCIj : nitric 
acid readily oxidizes it first to Ab.O, then to H^AsO, ; upon fusion with KHO, 
It becomes K,AflO«; readily sobible us HnAsO^ by nitrohydrochloric acid; 
sulphuric acid, dilute and cold, is without aettoti; with heat and the more con- 
centrated acid As,0, is formed and the sulphuric acid is reduced to SOj , 
Ammonium hydroxide is without action (Gnenejc, V. r., 1892, 114, 118*i)- Hot 
solution of potassium or sodium hydroxide dissolves it as mrsenlte; As* + 
4K0H 4; 4H,0 == 4XAbO, + GH, . 

th^O.Fidefi.—Arnrnfi}iii ChHde exists in tivo forms, crystalline and amorphous* the 
solubilities of which differ considerably (§27). At ordinary temperature 100 
parts of vrater dissolve a. 7 parts of the amorphous and 1.7 parts of the crystal* 
liue, several hours being necessary to eflfect the solution. 100 parts of boiling 
water dissolve 11.40 parts of the amorphous and 10.14 parts of the crystalline 
oxide in three hoiirs fWlnkler, ./. jir, l!^85, (2), 31, 247), The preaence'of acids 
greatly increases the solubility in water (SchultK-Sellac, B*, 1871, 4, 109), 
Arsenous oxJde is readily soluble In alkali hydroxides or carbonates to arsenites 
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(Clayton, C. N., 1891, 64, 27). Arsenic )>ewfoxide, ASsOg , is deliquescenU soluble 
in water forming HsAsOi . The meta and pyro acids are easily soluble in 
water forming* the ortho acid (Kopp, A. Ch., 1856, (3), 48, 106). 

r. — tialt8, — Arsenic does not act as a base with oxyacids, but its oxides combine 
with the metallic oxides to form two classes of salts, arsenites and arsenates. 
Arsenites of the alkalis are soluble in water, all others are insoluble or only 
partially so; all are easily soluble in acids. Alkali arsenates^ and acid arsenates 
of the alkaline earths, are soluble in water; all are soluble in mineral acids, 
including H,As04 (LeFevre, C. r., 1889, 108, 1058). See also under the respec- 
tive metals. 

Arsenous sulphide, AaJS^ , is insoluble in water when prepared in the 
dry way; when prepared in the moist way it may be transfonned into the 
soluble colloidal * form by treatment with pure water, from which solu- 
tions it is precipitated by solutions of most inorganic salts (Schulze, J. pr., 
1882 (2), 25, 431). The presence of acids or solutions of salts prevents 
the solubility of As^S;, in water. Boiling water slowly decomposes the 
sulphide forming ASoO., and H.S (Field, C. N., 1861, 3, 115; Wand, Arch. 
Pilar,, 1873, 203, 29(i). It is completely decomposed by gaseous HCl form- 
ing AsCl., (Piloty and Stock, B.. 1897, 30, 1049), very slightly decomposed 
by hot concentrated acid (Field, /. c). Chlorine water and nitric acid 
decom])Ose it readily with formation of K^AsO^; with sulphuric acid 
A8.O3 and SO. are formed (Kose, Porjfj., 1837, 42, 530). The alkali hy- 
droxides or carbonates dissolve it readily with formation of EAsOo and 
EAsS. (E = K, Na and NH,) (/)., 2, l/l83): soluble in alkali sulphides 
and poly-sulphides forming E^ASoS- , and EAsSo (Berzelius, Pogg,, 1826, 
7, 137 ; Nilsson, J. C, 1872, 25, 599). 

Arsenic sulphide, As^S^ , is insoluble in water; soluble in HCl gas, as 
AsCl;, ; insoluble in dilute HCl , soluble in HNO3 or chlorine water, as 
H3ASO4 ; soluble in alkali hydroxides and carbonates, as E3ASS4 and 
E3ASO3S : A8,S, + ONH.OH = (NHJgAsS, + (NH,)3A803S + SH.O (Mc- 
Cay, Ch. Z., 1891, 15, 170); soluble in alkali sulphides, as E3A8S4 (Nilsson, 
J. /?r., 1876 (2), 14, 171). 

Arsenous chloride, bromide and iodide (AsCl, , AsBr, , Aslg) are decomposed 
by small amounts of water into the corresponding oxyhalopen compounds, 
AsOCl , etc. A further addition of water decomposes these compounds into 
arsenous oxide and the lialogen acids. 

6. B^actions. — n. — The alkali hydroxides and carbonates unite with arsetwus 
and arfirnic o.ri(U:s (acids), the latter with evolution of carbon dioxide, forming' 
soluble alkali arncnUea and (irsemitvs. These alkali salts are chiefly meta arse- 
nites and ortho arsenates (Bloxam, J. C, 1862, 15, 281; Graham, Po(/{j., 1834, 32, 
47). 

♦CJollolds is a numo j^iveii by Graham to a class of glae-likc bodies in distinction to the crystal- 
loids, which have a well-defined solid form. The colloids are indefinitely soluble in water, 
griving the little-understood "pseudo-solutions," which stand midway between the mechanical 
suspension or cmulsfon and the true solution. Gelatine, starch, the metallic sulphides, silicic 
acid, and the hydroxides of iron and aluminum are some of the substances that may take on the 
colloid form. The colloid solutions are as a rule broken up by addition of an acid or a neutral 
salt. 
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ft. — Oxalic acid does not reduce arsenic acid* (Naylor and Braithwaite, Pharm. 
J, Trans., 1883, (3), 13, 464). Potassium ferricyanide in alkaline solution oxi- 
dizes arsenous compounds to arsenic compounds, very rapidly when gently 
warmed, c. Nitric acid readily oxidizes all other compounds of arsenic to 
arsenic acid. d. H3rpophosphites in presence of concentrated hydrochloric acid 
reduces all oxycompounds of arsenic to the metallic state. 0.00001 gram ol 
arsenic may be detected by boiling with 10 cc strong hydrochloric acid and 0.2 
gram calcium hypophosphite (Engel and Bernard, C. r., 1896, 122, 390; Thiele 
and Loof, C. C., 1890, 1, 877 and 1078; and Hager, J, C, 1874, 27, 868). 

e, — ^Hydrosnlphuric acid precipitates the lemon-yellow arsenous sulphide, 
ASjSg , from acidulated solutions of arsenous acid. The precipitate forms 
in presence of concentrated hydrochloric acid. Citric acid and other 
organic compounds hinder the formation of the precipitate, but do not 
wholly prevent it if strong hydrochloric acid be present. Nitric acid 
should not be present in strong excess as it decomposes hydrosulphuric 
acid, with precipitation of sulphur. 

In aqueous solutions of arsenous acid the sulphide forms more as a 
yellow color than as a precipitate, being soluble to quite an extent in pure 
water, especially when boiled (5c): As^S., + SHjO = ASjOg + STIJS . This 
has been given as a method of separating arsenous sulphide from all other 
hea\7 metal sulphides (Clermont and Frommel, J. C, 1879, 36, 13). The 
precipitate is not formed in solutions of the arsenites except upon acidu- 
lation. Alkali sulphides produce and, by further addition, dissolve the 
precipitate (5c): 

Afl,0, + 3(NH,),S + 3H,0 = As^S, + 6NH4OH 

As,S, + 2(NH,),S = (NH,),As,S. or As^S, + (NH,),S = 2NH4AflS, 

Arsenous sulphide is also soluble in alkali hydroxides and carbonates, 
forming arsenites and thioarsenites (5c). The thioarsenites are precipi- 
tated by acids forming ASjSg : (NHJ^ASjSs + 4HC1 = ASjSg + SHjS + 
4NH,C1 or SNH^AsSj + 2HC1 = A82S3 + HjS + 2NH,C1 . 

The solubility of the sulphides of arsenic in yellow ammonium sulphide 
separates arsenic with antimony and tin from the other more common 
metals of the second group; and the solubility in ammonium carbonate 
effects an approximate separation from antimony and tin (Hager, J. C, 
1885, 48, 838). Arsenous sulphide is soluble in solutions of alkali sul- 
phites containing free sulphurous acid (separation from antimony and 
tin): 4A82S3 + 32KHS02 = 8KASO2 + ISK^SoOg + 3S, + I4SO2 + IGH.O. 
It may also be separated from antimony and tin by boiling with strong 
hydrochloric acid, the ASoS, remaining practically insoluble; the sulphides 
of antimony and tin being dissolved. It is easily dissolved by strong 

•PatrouUlard {Pharm. J. Tram., 1883, (3), 13,882) claims the reduction of A»r to A«"' by oxalic 
acid ; and Hager (C. C, 1883, 690) reports a microscopic test for arsenic by reduction to metallic 
arsenic on boiling with oxalic and sulphuric acids. Bxperiments In the authors* laboratory fall 
to confirm these results. 
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nitric acid, and by free chlorine or nitrohydrochloric acid, as arsenic acid : 
6A82S3 + 2OHNO3 + SHoO = 12H,A80, + 9S2 + 20N0 ; 2A82S, + lOCL 
+ ICHjO = 4H3A8O4 + 38^ + 20HC1 . Usually a portion of the sulphur 
is oxidized to sulphuric acid, completely if the nitric acid or chlorine be in 
^^reat excess and heat be applied: A82S3 + I4CI2 + 2OH2O = 2H3A8O4 + 
3H0SO4 + 28HC1 . 

Arsenic pentasulphide, ASjSjj , is formed by passing HjS for a long time 
into a solution of alkali arsenate and then adding acid (McCay, Am., 1891, 
12, 547); by saturating a solution of arsetiic acid with HjS and placing, in 
stoppered bottle, in boiling water for one hour; or by passing a rapid 
stream of HoS into an HCl solution of H.AsO^ (Bunsen, A., 1878, 192, 305; 
Brauner and Tomicek, J. C, 1888, 53, 14(J); 2H3A8O4 + 5H2S + xHCl = 
As.Sji + SHoO + xHCl . Carbon disulphide extracts no sulphur from the 
precipitate, indicating the absence of free sulphur. The presence of 
FeCl;, or heating the solution does not reduce the As^S^ to A82S3 . If there 
be a small amount of HCl and the H^S be passed in slowly about 15 per 
cent of As,S, is formed: 2H,AsO^ + 5H2S + xHCl = ASjSg + Sj + 
8H.0 + xHCl . If NH4CI l)e present more AS2S3 is formed. According 
to Tliiele (C. C, 1800, 1, 877), arsenic acid cold treated with a slow stream 
of HoS gives arsenous sulphide, while the hot acid with a rapid stream of 
the gas gives the pentasul])hide. Arsenic sulphide has the same solubili- 
ties as arsenous sulphide. When distiller! with hydrochloric acid gas 
arsenous chloride is formed (AsCl- is not known to exist). The solutions 
in the alkali hydroxides, carbonates and sulphides form arsenates and 
thioarsenates (or). Ammonium sulphide added to a neutral or alkaline 
solution of arsenic acid forms arsenic sulphide which remains in solution 
as ammonium thioarsenatc {he). The addition of acid at once forms 
arsenic sulphide, not arsenous sulphide and sulphur. The reaction is 
much more rapid than with hydrosulphuric acid and is facilitated by 
wanning. 

Arsine, ASH3 , does not combine with hydrosulphuric acid until heated 
to 230°, while siihine, SbH^ , combines at the ordinary temperature (Brunn, 
7i., 1889, 22, 3202). 

Acidulated solutions of arsenic boiled with thiosulphates form arsenous 
sulphide (separation from Sb and Sn) (Lesser, Z., 1888, 27, 218). Arsenic 
may be removed from sulphuric acid by boiling with barium thiosulphate 
and no foreign material is introduced into the acid: ASoO.. + 3BaS^0.. := 
As.S., + 3BaS0, ; 2H,AsO, + 5Na,S,0, = As.S^ + 5Na,S0, + S. + 3H2O. 
(Thorn, /. C, 1870. 29, 517: Wagner, Bimjl, 1875, 218, 321). 

Sulphurous acid readily reduces arsenic acid to arsenous acid: H.AsO^ + 
H.SO, = H3ASO, + HoSb, (Woehler, A., 1839, 30, 224). 

f. — The arsenic from all arsenical compounds treated with concentrated 
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hydrochloric acid and then distilled in a current of hydrochloric acid gas, 

passes into the distillate as arse nous chloride, AsClg . Nearly all of the 
arsenic will be carried over in the first 50 cc. of the distillate. This is a 
very accurate quantitative separation of arsenic from antimony and tin 
and from other non-volatile organic and inorganic material. The A8CI3 
passes over at 132°, condenses with HCl and may be tested with SnClj 
(g), or, after decomposition with water (5c) by the usual tests for arsenous 
acid (Hufschmidt, B., 1884, 17, 2245; Beckurts, Arch. Pharm., 1884, 222, 
684; Piloty and Stock, B., 1897, 30, 1649). 

Hydrobromic acid in dilute solutions is without action upon the acids 
of arsenic. The concentrated acid reduces arsenic acid to arsenous acid: 
H3ASO, + 2HBr =: HgAsOg + Br^ + HjO . Hydriodic acid reduces 
arsenic acid to arsenous acid with liberation of iodine. This is a methoo. 
of detecting As^ in the presence of As'". 0.0001 gram of HgAsO^ may be 
detected in the presence of one gram of ASjOg : 2H3ASO4 + 'iHI = ASjOg 
+ 2I2 + 5H2O (Naylor, J. C, 1880, 38, 421). 

Chloric and bromic acids oxidize arsenous compounds to arsenic acid with 
formation of the corresponding hydracid: SAs^O, + 2HBrO, -+- 9H2O = 
(iHsAsOf -+- 2HBr . Iodic acid oxidizes arsenous compounds to arsenic acid 
with liberation of iodine: SAs^O, + 4HIOs + ISHaO = lOHjAsO^ + 2lj . 

17. — Stannous chloride, SnClj , reduces all compounds of arsenic from their 
hot concentrated hydrochloric acid solutions, as tlocculent, black-brown, metal- 
loidal arsenic^ containing" three or four per cent of tin. The arsenic, in solution 
Avith the concentrated hydrochloric acid, acts as arsenous chloride: 4AsCl, -+- 
6SnCl3 = As, -h OSnCl* . The hydrochloric acid should be 25 to 33 per cent; if 
not over 15 to 20 per cent, the reaction is slow and imperfect. 

In a wide test-tube place 0.1 to 0.2 gram of the (oxidized) solid or solution 
to be tested, add about 1 gram of sodium chloride, and 2 or 3 cc. of sulphuric 
acid, then about 1 gram of crystallized stannous chloride: agitate, and heat to 
boiling several times, and set aside for a few minutes. Traces of arsenic give 
only a brown color; notable proy)ortions give the tlocculent precipitate. A 
dark gray precipitate may be due to mercury (§58, 6*7). capable of being gath- 
ered into globules. If a precipitate or a darkening occurs, obtain conclusive 
evidence whether it contains arsenic or not, as follows: Dilute the mixture 
with ten to fifteen volumes of about 12 per cent hydrochloric acid; set aside, 
decant; gather the precipitate in a wet filter, wash it with a mixture of hydro- 
chloric acid and ak'ithol, then with alcohol, then with a little ether, and dry in 
a warm place. A portion of this dry ])recipitate is now dropped into a small 
hard-glass tube, drawn out and closed at one end, and heated in the flame; 
arsenic is identified by its mirror (7), easily distinguished from mercury 
(§58, 7). Antimony is not reduced by stannous chloride; other reducible 
metals give no mirror in the reduction-tube. Small proportions of organic 
material impair the delicacy of this reaction, but do not prevent it. It is 
especially applicable to the hydrochloric acid distillate, obtained in separation 
of arsenic, according to f. 

^.— Chromates boiled with arscnitcs and sodium bicarbonate give chromium 
arsenate (Tarugi, J, C, 1896, 70, ii, 340 and 390). 

/. — Magnesium salts with ammonium chloride and ammonium hydroxide 
precipitate from solutions of arsenates, mnfincsium ammonium arsenate, 
MgNH.AsO^ , white, easily soluble in acids. The reagents should be first 
mixed together, and used in a clear solution (*^ viaffnesia mixiure**) to make 
sure that enough ammonium salt is present to prevent the precipitation of 
magnesium hydroxide by the ammonium hydroxide. The crystalline precipi- 
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tate forms slowly but completely. Compare with the corresponding magnesium 
ammonium phosphate (§180^ Of/). Maynvisium urmnite is insoluble in water, but 
is soluble'in ammonium hydroxide and in ammonium chloride (distinction from 
arsenates). 

j. — Silver nitrate solution precipitates from neutral solutions of arsenites, or 
ammonio-silver nitrate * precipitates from a water solution of arsenous oxide, 
silier arsenitCy AgiAsO, , yellow, readily soluble in dilute acids or in ammonium 
hydroxide (§59, Cuj). Neutral solutions of arsniatcs are precipitated as silver 
arsenate, AggAsO^ , reddish brown, hiving the same solubilities as the arsenite. 

k. — Copper sulphate solution precipitates from neutral solutions of arsenites, 
or ammonio-copper sulphate (prepared in the same manner as the ammonio- 
silver oxide described above) precipitates from water solutions of arsenous 
oxide, the (jirrn capper arsenite, CuHAsO, (Scheele's green), soluble in ammo- 
nium hydroxide and in dilute acids. Copper acetate, in boiling solution, pre- 
cipitates the fjrccn eoppcr aeeto-arsenit*' (CuOAs20s)aCu(C2Ha02)s (Schweinfurt 
green), soluble in ammonium hydroxide and in acids. Both these salts are 
often designated as Taris green (§77, <)</). Copper sulphate with excess of free, 
alkali is reduced to cii]>rous oxide with fornuition of alkali arsenate (10). 
K3ASO3 -f 2CuS0^ + 4K0H = K,AsO, -f 2K2SO. -f Cu^O -+- 2H2O . Solutions 
of arsenates are precipitated by copper sulphate as copper ansenate, CuHAsO^ , 
greenish blue, the solubilities and conditions of precipitation being the same 
as for the arsenites. 

/. — Ferric salts precijntate from arsenites, and freshly precipitated ferric 
hydroxide (used as an antidote, Worniley, 24G), forms with arsenous oxide, 
variable basic ferric arsenites, scarcely soluble in acetic acid, soluble in hydro- 
chloric acid. Water slowly and sparingly dissolves from the precipitate the 
arsenous anhydride; but a large excess of the ferric hydroxide holds nearly all 
the arsenic insoluble. To some extent the basic ferric arsenites are trans- 
posed into basic ferrous arsenates, insoluble in water, in accordance with the 
reducing power of arsenous oxide. In the presence of alkali acetates, arsenic 
acid, or acidulatt'd solutions of arsenates, are precipitated by ferric salts as 
ferric arsenate. FeAsO^ , vellowish white, insoluble in acetic acid (compare 
§126, r,f/). 

m. — Ammonium molybdate, (NHJ,MoOi, in nitric acid solution, when slightly 
-warmed with a solution of arsenic acid or of arsenates gives a yellow precipi- 
tate of ammonium arxenn-moliihilate, of variable composition. No precipitate is 
formed with As"'. This precipitate is very similar in ai)pearance and proper- 
ties to the ammonium phospho-molybdate: except the latter precipitates com- 
pletely in the cold. 

6'. Special Reactions, a. — Marsh's Test. — Arsenic, from all of its solu- 
ble compounds, is reduced by the action of dilute sulphuric or hydrochloric 
acid on zinc, forming at first metallic arsenic and then arsenous hydride^ 
ASH3, gaseous: As.O^ + 6Zn + GH.SO, = 2AsH, + GZnSO^ + 3HoO ; 
H^AsO^ + 4Zn + 4H0SO4 = A8H3 + 4ZnS0^ + 4H2O . The arsenic is 
precipitated with the other metals of the second group by hydrogen 
sulphide, separated with antimony, tin (gold, platinum and molybdenum) 
by yellow ammonium sulphide. This solution is precipitated by dilute 
, hydrochloric acid and the mixed sulphides, well waslied,\ are dissolved in 
hydrochloric acid using as small an amount of potassium chlorate crystals 
as possible. The solution is boiled (till it docs not bleach litmus paper) 

•Preparedby adding ammonium hydroxide to a solution of silver nitrate till the precipitate 
at first produced Is nearly all redissolved. 

t If the ammonium salts are not thoroughly removed by washing there is danger of the for- 
mation of the very explosive chloride of nitrogen (§26S, 1) when the precipitate is treated 
with hydrochloric acid and potassium chlorate. 
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to remove excess of chlorine and is thon readv for the Marsh apparatus. 
This apparatus consists of a strong ETlenmeyer flask of about 1*23 cc. 
capacity fitted with a two hole rubber stopper* Through one hole is passed 
a thistle (safety) tube, reaching nearly to the bottom of the flask; in the 
other is fitted a three-inch Marchand calcium chlaridc tube, which projects 
just through the f^topper and is filled with glass-wool and p:ranular calcium 
chloride to dry the gases generated in the flask. To the other end of 
the Marchand tube is fitted, with a small cork or rubber etopper, a piece 
of hard glass tubing of six mm. diameter and one foot long. This tube 
ghould be constricted one-half, for about two inches, beginning at the 
middle of the tube and extending toward the end not fastened to the 
calcium chloride tube. The outer end of the tube should oIbo be con- 
strict ed to about one mm. inner diameter. A short piece of rubber tubing 
shonW connect this constricted end with a piece of ordinary glass? tubing, 
dipping into a test tube about two-thirds filled with a two per cent solu- 
tion of silver nitrate. The rubber tubing should moke a close joint with 
the constricted end of the hard glass tube, and yet not fit so snug but that 
it can be easily removed. 

From 10 to 20 grams of granulated zinc * are placed in the flask with 
8ufiicient water to cover the end of the thistle tube. Four or five cubic 
centimeters of reagent sodium carbonate are added and the stopper 
tightly fitted to the flask. Dilute sulphuric acid (one of acid to three of 
water) should now be added, very carefully at first,} until a moderafe 
evolution of hydrogen is obtained. 

The hydrogen should be allowed to bubble through the silver nitrate 
for about five minutes. There should be no appreciable blackening of 
the solution (§59, 10), thus proving the absence of arsenic from the zinc 
and the sulphuric acid. The purity of the reagents having been estab- 
lished the solution containing the arsenic may be added in small amomats 
at a time through the thistle tube. If arsenic be present there will be 
almost immediate blackening of the silver nitrate solution. 

SAgirO, + Asm, -h 3H,0 = OAg + H,AflO, -(- 6HIJ0, 

The hard glass tube should now be heated J to redness by a flame from 

* The tine aoci *U the reagientfl Bhoiild b© abiolutely free from araenlc. If the zIdo be strictly 
obemiPttUr r*tire tt will bo but Slowly atrtaok&d hj tbo acid. It should be platlal^d (Sai», 4rt> or 
ahould eontolo tnscee of Iron. Hote r^. Ch^, IflSi, (6^, 3, 1411 removes areetilc from zine by ftitdtiitf 
aiibydroua HsCli to the molten mot&l^ AsCI^ Is evolved. The dnc purified in this way [a 
r&adil3* atejiokod by acids. 

t The ftp id Itrat added dccomposea the alkali carbonate forming- carbon dlo^tlde wWob rapidly 
displaces the air and «Toatly lessens the danger of exploaloo when the gaa Is Ignited. If too 
much aoid be added l>efore the oarix>nAte is decomposed violent f rfitblo^ raay take ptaee and 
the liquid contents of the flask: forced into the calcium chloride tube. 

t Before heating the tube or Ig-nitlop the gus, a towel sbouUl be h rapped around tbo flask to 
Insnre safety in cnse of an explosion duo t« the Ira perfect removul of the air ; or the tube con- 
necting the httni g-lflss tube wltb the Marchand tube should be of larger ^tm and provided with 
a piu^ of wire ^uiee (made of 10 or 20 cireies of gnnzo the aize of the tube). 
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a Bunsen burner provided with a flame spreader. The flame should be 
applied to the tube between the calcium chloride tube and the constricted 
portion. The tube should be supported to prevent sagging in case the 
glass softens, and it is customary to wrap a few turns of wire gauze around 
the portion of the tube receiving the heat. The heat of the flame decom- 
poses the arsine and a mirror of metallic arsenic is deposited in the con- 
stricted portion of the tube just beyond the heated portion. This may 
be tested as described under c 1. When a sufficient mirror has been 
obtained the flame is withdrawn, and, removing the rubber tube, the 
escaping gas * is ignited. 

b. Arsenous Hydride (arsine), AsH^ , burns when a stream of it is ignited 
where it enters the aif, and explodes when its mixture with air is ignited. 
It burns with a somewhat luminous and slightly bluish flame (distinction 
from hydrogen); the hydrogen being first oxidized, and the liberated 
arsenic becoming incandescent, and then undergoing oxidation ; the vapors 
of water and arsenous anhydride passing into the air: 2A8H3 -\- SOj = 
-^^aO.i + 3H2O . If present in considerable quantity a white powder may 
be observed settling on a piece of black paper placed beneath the flame. 
If the cold surface of a porcelain dish be brought in contact with the 
flame the oxidation is prevented and lustrous black or brownish-black 
spots of metallic arsenic are deposited on the porcelain surface; 4A8Hs -[- 
3O2 = A84 -\- GHoO . A number of spots should be obtained and all the 
tests for metallic arsenic applied. The arsenic in the silver nitrate solu- 
tion is present as arsenous acid and can be detected by the usual tests (6^) 
by first removing the excess of silver nitrate with dilute hydrochloric acid 
or calcium chloride. 

To g-enerate arsine, maprnesium or iron t may be used, instead of zinc, and 
hydrochloric acid instead of sulphuric acid. Arsine cannot be formed in the 
presence of oxidizing agents as the halogens, nitric acid, chlorates, hypo- 
chlorites, etc. Arsinuretted hydrogen (arsine) may also be produced from 
arsenous compounds by nascent hydrogen generated in alkaline solution. Sodium 
amalgam,! zinc (or zinc and magnesium) and potassium hydroxide or alumi- 
num and potassium hydroxide may be used as the reducing agent. There is 
no reaction with AsV , or with compounds of antimony (§70, 6/) ; hence when 

• Arsine is an exceedingly poisonous gas, the inhalation of the unmixed gas being quickly- 
fatal. Its dissemination in the air of the laboratory, even In the small portions which are not 
appreciably poisonous, should bo avoided. Furthermore, as it is recognized or determined, in 
its various analytical reactions, only by its decomposition, to permit it to escape undeeomposed 
is so far to fail in the object of its production. The evolved gas should be constantly run into 
silver nitrate solution, or kept burning. 

t Acconiing to Thiole (C. C, 1890, 1, 877) arsenic may be separated from fintimony in the Marsh 
test by using cloctrolytirally deposited iron instead of zinc. Stibine is not evolved. According 
to8autermeister(-4.7ia?|/«t,1891, 218) arsine is not produced when hydrochloric acid acts upon 
iron containing arsenic, but if several grams of zinc be added a very small amount of arsenic in 
the iron may be detected. 

$ Sodium amalgam is conveniently prepared by adding (In small pieces at a time) one part of 
sodium to elarht parts (by weight) of dry mercury warmed on the water bath. When cold the 
amalgam becomes solid and is easily broken. It should be preserved In well stoppered bottles. 
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the arsenic is present in the triad condition (AsV may be reduced to As'" by 
SO2) the use of one of the above reagents serves admirably for the detection 
of arsenic in the presence of antimony. This experiment may be made in a 
test-tube, the arsenic being detected by covering the tube with a piece of filter 
paper moistened with silver nitrate. It is very difficult to drive over the last 
traces of the arsenic and therefore the method is not satisfactory for quanti- 
tative work (Hager, J. C, 1885, 48, 838; Johnson, C. A\, 1878, 38, 301; and Clark, 
J. C, 1893, 63, 884). 

If ferrous sulphide contains metallic iron and arsenic, arsine may be gen- 
erated with the hydrogen sulphide. It cannot be removed by washing the 
gases with hydrochloric acid (Otto, B., 1883, 16, 2947). 

Arsine does not combine with hydrogen sulphide until heated to 230°, while 
tftibine, SbH, , combines at ordinary temperature (method of separation) 
(Brunn, B,, 1889, 22, 3202; Myers, J, C, 1871, 24, 889). As dry hydrogen sul- 
phide is without action upon dry iodine, it may be freed from arsine by passing 
the mixture of the dried gases through a tube filled with glass wool inter- 
spersed with dry iodine. AsH, -f 31, = Asl, -f- 3HI ^Jacobson, B., 1887, 20, 
1999). Arsenous hydride is decomposed by passing through a tube heated to 
redness (mirror in Marsh test) 4AsH, = As* -f- GH, . Nitric acid oxidizes it 
to arsenic acid, 3 AsH, -f 8HN0, := 3H,As04 + 8N0 -f 4H2O; and may be used 
instead of silver nitrate to efl'ect a separation of arsine and stibine in the 
Marsh test. The nitric acid solution is evaporated to dryness and the residue 
thoroughly washed with water. Test the solution for arsenic with silver 
nitrate and ammonium hydroxide (AgtAsO^ , reddish brown precipitate, 6/). 
Dissolve the residue in hydrochloric or nitrohydrochloric acid and test for 
antimony with hydrogen sulphide (Ansell, J. C, 1853, 5, 210). 

c. — Comparison of the mirrors and spots obtained with arsenic and anti- 
mony. — 1. Both the mirror and spots obtained in the Marsh test exhibit 
the properties of elemental arsenic (5a). The reactions of these deposits 
having analytical interest are such as distinguish arsenic from antimony. 

Arsenic Mirror. Antimony Mirror. 

Deposited beyond the flame ; the Deposited before or on both sides 
gas not being decomposed much be- of the flame; the gas being decom- 
low a red heat. posed considerably below a red heat. 

Volatilizes in absence of air at The mirror melts to minute glob- 

450** (1), allowing the mirror to be ules at 432°, and is then driven at 

driven along the tube; it does not a red heat, 
melt. 

By vaporization in the stream of The vapor has no odor, 
gas, escapes with a garlic odor. 

By slow vaporization in a cur- By vaporization in a current of 
rent of air a deposit of octahedral air, a white amorphous coating is 
and tetrahedral cr}'stals is obtained, obtained ; insoluble in water, soluble 
forming a white coating soluble in in hydrochloric acid, and giving re- 
water and giving the reactions for actions for antimonous oxide, 
arsenous oxide. 
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The heated mirror combines with 
hydrogen sulphide, forming tlie 
lemon-yellow arsenous sulphide, 
which, being volatile, is driven to 
the cooler portion of the tube. 

The dry sulphide is not readily 
attacked by dry hydrochloric acid 
gas (Qf). 



Arsenic Spots, 
Of a steel gray to black lustre. 

Volatile by oxidation to arsenous 
oxide at 218°. 

Dissolve in hypochlorite.* 

Warmed with a drop of ammon- 
ium sulphide form yellow spots, 
sohibl(» in ammonium carbonate, in- 
soluble in hydrochloric acid (6p). 



With a drop of hot nitric acid, 
dissolve clear. The clear solution, 
with a drop of solution of silver 
nitrate, when treated with vapor of 
ammonia, gives a brick-red precipi- 
tate. 



The solution gives a yellow pre- 
cipitate when warmed with a drop 
of ammonium molybdate. 

With vapor of iodine, color yel- 
low, by formation of arsenous 
iodide, readilv volatile when heated. 



The heated mirror combines with 
hydrogen sulphide forming the 
orange antimonous sulphide, which 
is not readily volatile. 

The sulphide is readily decom- 
posed by dry hydrochloric acid gas, 
forming antimonous chloride which 
is volatile, and may be driven over 
the unattacked arsenous sulphide. 

Antimony Spots. 

Of a velvety brown to black sur- 
face. 

Volatile, by oxidation to anti- 
monous oxide, at a red heat. 

Do not dissolve in hypochlorite. 

Warmed with ammonium sul- 
phide, form orange-yellow spots, in- 
soluble in ammonium carbonate, 
soluble in hydrochloric acid (§70, 
Oe), 

With a drop of hot dilute nitric 
acid, turn white. The white fleck, 
by action of nitric acid treated with 
silver nitrate and vapor of ammo- 
nia, gives no color until warmed 
with a drop of ammonium hydrox- 
ide, then gives a black precipitate. 

With the white fleck no further 
action on addition of ammonium 
molybdate. 

With vapor of iodine, color more 
or less carmine-red, by formation 
of antnnonous iodide, not readily 
volatile bv heat. 



* Tho hypoohlorite reagent, usually NaClO, decomposes in the air and light on standing. 
It should instantly and perfectly bleach litmus paper (not redden it). It dissolves arsenic by 
oxidation to arsenic acid. A«4 + lOXaClO + 6H,0 » 4H,Aa04 + lONaCl. 
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2. To the spot obtained on the porcelain surface, add a few drops of 
nitric acid and heat; then add a drop of ammonium molybdate. A yellow 
precipitate indicates arsenic. Antimony may give a white precipitate 
with the nitric acid, but gives no further change with the ammonium 
molybdate (Deniges, C. r., 1890, 111, 824). 

3. Oxidize the arsenic spot with nitric acid and evaporate to dryness. 
Add a drop of silver nitrate or ammonio-silver nitrate (6;). A reddish- 
brown precipitate indicates arsenic. 

4. After the formation of the mirror in Marsh's test the generating 
flask may be disconnected and a stream of dry hydrogen sulphide passed 
over the heated mirror. If the mirror consists of both arsenic and anti- 
mony, the sulphides of both these metals will be formed, and as the 
arsenous sulphide is volatile when heated, it will be deposited in the cooler 
portion of the tube. The sulphides being thus separated can readily be 
distinguished by the color. If now a current of dry hydrochloric acid 
gas be substituted for the hydrogen sulphide the antimonous sulphide 
will be decomposed to the white antimonous chloride which volatilizes and 
may be driven past the unchanged arsenous sulphide {5c). 

5. The tube containing the mirror is cut so as to leave about two inches 
on each side of the mirror and left open at both ends. Incline the tube 
and beginning at the lower edge of the mirror gently heat, driving the 
mirror along the tube. The mirror will disappear and if much arsenic 
be present a white powder will be seen forming a ring just above the 
heated pori:ion of the tube. This powder consists of crystals of arsenous 
oxide, and should be carefully examined under the microscope and iden- 
tified by their crystalline form (Wormley, 270). 

6. The cr}^stals of arsenous oxide obtained above are dissolved in water 
and treated with ammonio-silver nitrate forming the yellow silver arse- 
nite (6;): or \^ath ammonio-copper sulphate forming the green copper 
arsenite (GJc) (Wormley, 259). Any other test for arsenous oxide may be 
applied as desired. 

7. Magnesia mixture (6i) is added to the solution of the mirror or spots 
in nitric acid. A white crystalline precipitate of magnesium ammonium 
arsenate, MgNH4A804 , is formed (Wormley, 316). 

d. — Heinsch's Test. — If a solution of arsenic be boiled with hydrochloric acid 
and a strip of brigrht copper foil, the arsenic is deposited on the copper as a 
gray film. Hagrer (C C, 1886, 680) recommends the use of brass foil instead of 
copper foil. When a large amount of arsenic is present the coating of arsenic 
separates from the copper in scales. The film does not consist of pure metallic 
arsenic, but appears to be an alloy of arsenic and copper. Arsenous compounds 
are reduced much more readily than arsenic compounds. The hydrochloric 
acid should compose at least one-tenth the volume of the solution. The arsenic 
is not deposited if the acid is not present. This serves as one of the most 
satisfactory methods of determining the presence or absence of arsenic in 
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hydrochloric acid. Dilute the concentrated acid with five parts of water and 
boil with a thin strip of brig-ht copper foil. A trace of arsenic if present will 
.soon appear on the foil. For further identification of the deposit, wash the 
foil with distilled water, dry, and heat in a hard glass tube, as for the oxida- 
tion of the arsenic mirror (G'o, 5). The crystals may be identified by the mic- 
roscope and by any other tests for arsenous oxide. It is important that the 
surface of the copper should be bright. This is obtained by rubbing the sxir- 
face of the foil with a file, a piece of pumice or sand-paper just before usiner 
The copper should not contain arsenic, but if it does contain a small amount 
no film will be deposited due to its presence unless agents are present which 
cause partial solution of the foil. If a strip of the foil, upon boiling with 
hydrochloric acid for ten minutes, shows no dimming of the brig'htness of 
the copper surface; the purity of both acid and copper may be relied upon for 
the most exact work. Antimony, mercury, silver, bismuth, platinum, palladium 
and g'old are deposited upon copper when boiled with hydrochloric acid. Under 
certain conditions most of these deposits may closely resemble that of arsenic. 
Of these metals mercury is the only one that forms a sublimate when heated 
in the reduction tube (7), and this is readily distinguished from arsenic by 
examination under the microscope. Antimony may be volatilized as an amor- 
phous powder at a very high heat. Organic material may sometimes g'ive a 
deposit on the copper which also yields a sublimate, but this is amorphous and 
does not show the octahedral crvstals when examined under the microscope 
(Wormley, 269 and ff.; Clark, J. C., 1893, 63, 880). 

e. — Detection in Case of Poisoning. — Arsenic in its various compounds is 
largely used as a poison for bugs, rodents, etc., and frequently cases arise of 
accidental arsenical poisoning. It is also used for intentional poisoning, chiefly 
suicidal. It is usually taken in the form of arsenous oxide (white arsenic), or 
" Fowler's Solution " (a solution of the oxide in alkali carbonate). One hun- 
dred fiftj' to two hundred milligrams (two to three grains) are usually suflicient 
to produce death. Violent vomiting* is a usual symptom and death occurs in 
from three to six hours. In cases of suspected poisoning vomiting should be 
induced as soon as possible by using an emetic followed by demulcent drinks, 
or the stomach should be emptied by a stomach pump. Freshly prepared ferric 
hydroxide is the usual antidote, of which twenty-five to fifty grams (one to 
two ounces) may be given. The antidote may be prepared by adding" magnesia 
(magnesium oxide), ammonium hydroxide, or cooking soda (sodium bicarbo- 
nate) to ferric chloride or muriate tincture of iron: straining in a clean piece 
of muslin, and washing several times. If magnesia be used it is not necessary 
to wash, as the magnesium chloride formed is helpful rather than injurious. 
A portion of the ferric hydroxide oxidizes some of the arsenous compound, 
being" itself reduced to the ferrous condition, and fc ming an insoluble ferrous 
arsenate.. When the ferric oxide is in excess the ferrous arsenate does not 
appear to be acted upon by the acids of the stomach. Of course it will be seen 
that the ferric hydroxide will have no eifect upon the arsenic which has 
entered into the circulation. 

It frequently becomes necessary for the chemist to analyze portions of sus- 
pected food, contents of the stomach, urine; or. if death has ensued, portions 
of the stomach, intestines, liver, or other parts of the body. At first a careful 
examination should be made of the material at hand for solid white particles, 
that would indicate arsenous oxide. If particles be found they can at once be 
identified by the usual tests. Liquid food or liquid contents of the stomach 
should be boiled with dilute hydrochloric acid, filtered and washed and the 
filtrate precipitated with hydrogen sulphide, etc. When solid food or portions 
of tissue are to be analyzed, it is necessary first to destroy the organic material. 
Several methods have been proposed: 

(1) Method of Fresenius and Babo. — The tissue is cut in small pieces and 
about an equal weight of pure hydrochloric acid added to this, enough water 
should be added to form a thin paste and dilute the hydrochloric acid five or 
six times. The mass is heated on the water bath and crystals of potassium 
chlorate added in small amounts fit a time with stirring until a clear yellow 
liquid is obtained containing a very small amount of solid particles. Th** 
heating is continued until there is no odor of chlorine, but concentration should 
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be avoided by the addition of water. Th<* soliition should be cooled nnd flltered; 
the arsetirc now hein/H' present In the filtrate ns arsenic? ncid» ThiR solution 
should hi* treated with godium bisulphite or sulphur dioxide to rerluee the 
araenie acid to areenous acid and then the arBenie may be preeipj latin! with 
hydrogen sulphide. It in advisable to i>hss the hydrog-en gulphide tlirougli the 
warm Hquid for twenty-fintr hmirs to insure complete precipitation. A yel- 
lowish precipitatt' cjf orfranic nititter will nsually be obtained even if orstenic 
he absents The precipitate should be^iiltered* washed, and then dissolved in 
dilute animonium hytlroxide, which separates it from other sulphide? of the 
silver, tin and copper prroups. that may be present. A portioii at least of the 
precipitated nrp-anic matter w*ill dissolve in the amnvoninm hydroxide* The, 
filtrate should be acidulated with hydrochloric arid, filtcrerl niirl wnshed*- 
Dissolve the precipitate in concentrated nitric acid and evaporate to dryness. 
Redissolve in a small amotTut of water* add a drop of nitric acid, loiter and test 
the filtrate by Marsh *s test or any of the other tests for arsenic, 

(2) Hydrochloric acid dibited alone may be used for the disslnte^atfou of 
the soft animal tissues. The solution will usually be dark colored and viscous 
and not at all siiitt'd for further treatment with hydrogen sulphide; but may 
be at once subjected to the ilelnsch test (6'd). 

(3) Metbod of Danger and F land in.— The tissue may be destroyed by beat- 
ing io a porcelain dish with about one-fourth its weight of concentrated aul- 
phnric acid. When the mass becomes dry and carbonaceous it is cooled, 
treated with concentrated nitric acid and evaporated to dryness. Moisten w^ith 
water, add nitric acid, and ag-aln eva|x>rate to dryness: and repeat until the 
ma«s is folnrless. Dissolve in a small amount of water and test for arsenic by 
the usual tests. This method is objectionable if chlorides are present as the 
volatile arsenous chloride w^ill be formed. 

(4) Method by distillation with hydrochloric acid. The finely divided tissue 
is treated, in a retort, with its owti wei|?ht of concentrated hydroehloric acid 
and distilled on the sand hath. Salt and sulphuric acid may be used instead of 
hydrochloric acid. A receiver containing- a small amount of water is connected 
to the retort and tlie mass distilled nearly to dryness* If preferred, gaseous 
hydrochloric acid may he conducted into the retort during the process of dis- 
tillation, in w^hich case all the arsenic (even from arsenous sulphide (5e)) will 
be earned over in the first 100 ec. of the distillate. The receiver contains the 
arsenic, a great excess of hydro<'hlnric acid and a small amount of organic 
matter. To a portion of this solution the Eeinsch test may bi? applied at once 
and other portions may be diluted and tested with hydrogen sulphide or the 
solution may at once he tested in the Marsh apparatus. 

For more detailed instructions concerning the detection and estimation of 
arsenic in organic matter, special works on Toxicology and Legal Medicine 
must be consulted. The following are valuable works on this subject: Micro- 
Chemistry of Poisons, Wormley; Medical Jiirispnidence, Taylor: A System of 
Tdegal Medicine, Hamilton; Ermittelung von Giftea, Dragendorff; Poisona, 
Taylor; etc. 



7, I^ition*— Metallic Rrsenic is obtained by Ignitm^ any compound 
containing arsenic with potaesiura carbonate and charcoal^* or i^Tth potas- 
siitm cyanide: - i 

2As,0, + 6KCW = Afl, + 5K0irO 

2As,S, + GKCN — As, + GKCNS 

2As,S, -h 6N'a.,C0, + RKCN = As, + 6Ha,S ^ 6KCH0 -f- 6C0. . 

4H, AsO« + 5C =^ As, + 500, + 6HjO 

• A very iultiiblo carbon for the rfductinn of afsenlc Is ohtalued by igniting' aa alkali tartrate 
Iti dbscnoe of air to oonipleto ctirbualzatiotu 
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If this ignition be performed in a small reduction-tube * (a hard glass tube 
about 7 mm. in diameter, drawn out and sealed at one end), the reduced 
arsenic sublimes and condenses as a mirror in the cool part of the tube. 
The test may be performed in the presence of mercury compounds, but 
more conveniently after their removal; in presence of organic material, it 
is altogether unreliable. If much free sulphur be present the arsenic 
should be removed by oxidation to arsenic acid by nitric acid or hydro- 
chloric acid and potassium chlorate, then precipitation after addition of 
ammonium hydroxide by magnesium mixture and thoroughly drying before 
mixing with the cyanide or other reducing agent. 

8. Detection. — Arsenic is precipitated, from the solution acidulated with 
hydrochloric acid, in the second group by hydrosulphuric acid as the 
sulphide (Ge). By its solution in (yellow) ammonium sulphide it is sepa- 
rated from Hg , Pb , Bi , Cu , and Cd . By reduction to arsine in the 
Marsh apparatus it is separated with antimony from the remaining second 
group metals. The decomposition of the arsine and stibine with silver 
nitrate precipitates the antimony, thus effecting a separation from the 
arsenic, which passes into solution as arsenous acid. The excess of AgNO, 
is removed by HCl or CaCl^ and the presence of arsenic confirmed by its 
precipitation with H.S . For other methods of detection consult the text 
(6, 6' and 7). For distinction between As^ and As'" see (6 and §88, 4). 

9. Estimation. — (1), As lead arsenate, Pb3(A804)a . To a weighed por- 
tion of the solution containing arsenic acid, a weighed amount of PbO is 
added, after evaporation and ignition at a dull red heat is weighed as 
PbgCAsO^).^ . The weight of the added PbO is subtracted from the residue, 
and the difference shows the amount of arsenic present reckoned as ASoO, . 
(2). It is precipitated by MgSO^ in presence of NH^OH and NH^Cl , and 
after drying at 103°, weighed as MgNH^AsO^.HoO ; antimony is not 
precipitated if a tartrate be present (Lesser, Z., 1888, 27, 218). (S). The 
MgNH^AsO^ is converted by ignition into Mg^As.^O^ , and weighed, (i). 
The solution of arsenous acid containing HCl is precipitated by HjS . 

• As much of the reduction-srlass tubing contains arsenio (?) Fresenius (Z., 20, 531 and 22, 897) 
recommends the following modification of the above method : A piece of reduction tubing about 
16 mm. diameter and 15 cm. long is drawn oat to a narrow tube at one end. Tlie other end of the 
tube is connected with a suitable apparatus for generating and drying carlxin dioxide. The 
sample to be tested is thoroughly dried and mixed with the dry cyanide (or charcoal) and car- 
bonate, placed in a small porcelain combustion boat and put in the middle of the reduction 
tube. The air Is then driven from the tube by the dr>' carbon dioxide and the whole heated 
gently until all moisture is expelled. The tube is then heated to redness near the point of con- 
striction and when this is done the boat is heated, gently at first to avoid spattering of the fus- 
ing mass, then to a full redness till all the arsenic has been driven out. During the whole of the 
experiment a gentle stream of carbon dioxide is passed through the tube. The arsenic collects 
as a mirror in the narrow part of the tube just beyond the heated iwrtion. The small end of the 
tube may now be sealed, the mirror collected by a gentle fiame, driven to any desired portion of 
the tube and tested with the usual tests (6' c5). Compounds of antimony when treated in this 
way do not give a mirror. As small an amount as 0.00001 gram of Ap^O, will give a distinct mir^ 
zor by this method. 
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The precipitate is separated from free sulphur by solution in NH4OH and 
reprecipitated with HCl . It is then dried and weighed as A82S3 . (5). By 
precipitation as in (Jf) and removal of sulphur by washing the precipitate 
with CS2 . Dry and weigh as A82S3 . (6), Uranyl acetate, in presence of 
ammonium salts, precipitates NH^TJOsAsO^ ; by ignition this is converted 
into uranyl pyroarsenate (TJ02)2A8207 , and weighed as such. (7). Small 
amounts may be converted into the metallic arsenic mirror by the Marsh 
apparatus and weighed or compared with standard mirrors (Gooch and 
Moseley, C. N., 1894, 70, 207). (8). As"' is converted into As^ by a 
graduated solution of iodine in presence of NaHCOg . The end of the 
reaction is 8ho\vn by the blue color imparted to starch. (9). As'" is oxi- 
dized to As^ by a graduated solution of KjCrjOT , and the excess of 
K2Cr207 determined by a graduated solution of FeSO^ . (10), As'" is con- 
verted to As^ by a weighed quantity of "K^CTzO^ with HCl , and the excess 
of chlorine is determined by KI and NaoSgOg . (11), As'" is oxidized to 
As^ by a graduated solution of EMnO^ . The end of the reaction is indi- 
cated by the color of the KMnO^ . {P2). As^ is reduced to As"' by a grad- 
uated solution of HI . The action takes place in acid solutions. (13). In 
neutral solution, as arsenate, add an excess of standard AgNOj , and in an 
aliquot part estimate the excess of AgNO,^ with standard NaCl . (14)- Dis- 
tillation as AsClg (Piloty and Stock, B., 1897, 30, 1649; see also 6'e 4). 
(15), The arsenic compound is converted into A8H3 and this passed into a 
solution of standard silver nitrate, the excess of which is estimated with 
standard NaCl or the excess of AgNO^ is removed and the arsenous acid 
titrated as in methods (9) or (11), Many other methods have been 
recommended. 

10. Oxidation.— As-^'Ha is oxidized to As'" by AgNOs , H2SO3 , H2SO4 , 
and HIO3 ; and to As^ by KMnO^ (Tivoli, Gazzetta, 1889, 19, 630), KSO^ , 
HNO3 , CI and Br (Parsons, C. N., 1877, 35, 235). As° is oxidized to As'" 
by H2O2 (Clark, J, C, 1893, 63, 886), HNOg , H2S0^ hot, CI , HCIO , HCIO3 , 
Br, HBrOa, HIO3, Ag' (Senderens, C. r., 1887, 104, 175), and to As^ by 
the same reagents in excess except H2SO4 and Ag', which oxidize to As'" 
only. As'" is also oxidized to As^ in presence of acid by PbOj , Cr^; by 
compounds of Co, Ni, and Mn , with more than two bonds; and in 
alkaline mixture by PbO, , Hg.O , HgO , CuO , K.CrO^ , K3Fe(CN), , etc. 
(Mayer, J. pr., 1880 (2), 22, 103). Arsine is oxidized to metallic arsenic by 
HgClj (Magencon and Bergeret, /. C, 1874, 27, 1008), and by As'", the As'" 
also becoming As° (Tivoli, C. C, 1887, 1097). As^ and As'" are reduced to 
metallic arsenic by fusion with CO , with free carbon, or with carbon com- 
bined, as H2C2O4 , KCN , etc. (7). By SnCl, (6.7) and H,PO, (Gd) in strong 
HCl solution; also with greater or loss conif^letenoss by some free metals, 
such as Cu , Cd , Zn , Mg , etc. Rideal (C. N,, 1885, 51, 292) recommends 
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the use of the copper-iron wire couple for the detection of small quantities 
of arsenic by reduction to the elemental state. O.OOOOO'J'5 grams may be 
detected. In solution As^ is reduced to As'" by HaPO^ , HoS , H2SO3 , 
Na^SjOg (6e), HCl, HBr, HI (Gf), HCNS, etc. As^ and As'" are reduced 
to As"^"H3 ^y iiascent hydrogen generated by the action of Zn and dilute 
H2SO4 , or, in general, by any metal and acid which will give a ready 
generation of hydrogen, as Zn , Sn , Fe, Mg, etc., and H2SO4 and HCl 
(Draper, Dingl, 1872, 204, 320). As'" is reduced to As-^'Ha by nascent 
hydrogen generated in alkaline solution as, Al and KOH , Zn and KOH , 
sodium amalgam, etc. (separation from antimony) (Davy, Ph. C, 1876, 
17, 275; Johnson, C. N., 1878, 38, 301). 

§70.^ Antimony (Stibium) Sb = 120.4. Valence three and five. 

1. Properties.— »S'/>rri7fc gravity, 0.097 (Schroeder, J., 1859, 12). Melting point, 
432° (Ledebur, Wicd. BcibL, 1881, 050). Boiling point, between 1090° and 1450° 
(Camelley and Williams, J. ('., 1S79, 35, 500). Its molecular weig-ht is unknown, 
as its vapor density has not ])een tak^^n. Antimony is a lustrous, silver white, 
brittle and readily pulverizable metal. It is but little tarnished in dry air and 
oxidizes slowly in moist air. forming;' a blackish gray mixture of antimony and 
antimonous oxide. At a red heat it burns in the air or in oxygen with incan- 
descence, forming white inodorous (distinction from arsenic) vapors of anti- 
monous oxide. 

2. Occurrence. — Native in considerable quantities in northern Queensland, 
Australia (Mac Ivor, (\ A'., 1888, 57, 04); as stibnite, Sb^^S,; as valentinite, Sb,0,; 
in verv many minerals usually combined with other metals as a double sulphide 
(Campbell, Phil. Mag., 1800, (4), 20, 304; 21, 318). 

3. Preparation. — {a) The sulphide is converted into the oxide by roasting in 
the air, and then reduced by fusion with coal or charcoal, (h) The sulphide is 
fused with charcoal and sodium carbonate: 2Sb3S, -f ONajCO, -f- 3C = 4Sb + 
GNajS -h 9CO2 . (c) It is reduced by metallic iron: SbaS, -f 3Fe = 2Sb -h 3FeS . 
(d) To separate it from other metals with which it is frequently combined 
requires a special process according to the nature of the ore (Dexter, J. pr,, 
1839, 18, 449; I»feifer, A., 1881, 209, 101). 

4. Oxides. — Antimony forms three oxides, Sb.Os , Sb-^O^ , and Sb.Os . (a) 
Antimonous oxide, Sb30, , is formed (J) by the action of dilute nitric acid upon 
Sb°: (2) by precipitating SbCl, with Na^COs or NH4OH; (.V) by dissolving Sb° 
in concentrated H^SO^ and precipitating with NavCO,: (//) by burning antimony 
at a red heat in air or oxygen: ('>) by heating Sb.O^ or SbaO, to 800° (Baubigny, 
C. r., 1897, 124, 499, and 500). It is a white powder, turning yellow upon heat- 
ing and white again upon cooling; melts at a full red heat, becoming crystalline 
upon cooling; slightly soluble in water, fairly soluble in glycerine (5?;). Anti- 
monous oxide sometimes acts as an acid, Sb^O, -|- 2NaOH = 2NaSb03 -f- H2O; 
but more commonly as a base. Ortho and pyro antimonous acids are known 
in the free state. The meta compound exists only in its salts (/>.. 2, 1. 198). 
(b) Diantimony tetroxide, Sb.O^ , is formed by heating Sb° . SboS, , SbjO, , 
or SbnOs in the air at a dull red heat for a long time. The antimony in this 
compound is probably not a tetrad, but a chemical \mion of the triad and 
pentad: 2Sb304 = 2Sb'"Sbv04 = SbsOs.Sb^Os . It is found native as antimony 
ochre. (<*) Antimonic oxide, SbjO^ , is formed by treating Sb° , Sb^O, or 
SbzO* with concentrated nitric acid. When heated to 300° it loses oxygen, 
forming: SbaO* (Geuther, J, pr., 1871, (2), 4, 438). It is a citron-yellow powder, 
insoluble in water but reddening moist blue litmus paper. Antimonic acid 
exists in the three * forms, analogous to the arsenic and phosphoric acids, 

•Bellsteln and Blaese (C. r.,1889, 8O81 have prepared a number of antimonates and conclude 
that the acid is alwaj's tho mcta, H SbO, . 
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». e., orthOj meta antl pyro (Geuther, }, r., und Conrad, C. A\, 1879, 40, 19S). The 
ortho acid, H^SbO^ is formed by the decompoBition of the petitachloride with 
wafer nnd washiiig" ytitil the chloride is all removed (Conrad, L r., and Dau- 
brawa. A., 1>!77, 186» 110). The most of the antimonatee formed in the wet way 
l\v precipitation from the acid solution of antimonic chloride are the ortbo 
:unimouate?i. By heating- the ortho acid to 2(M>* thy meta acid, HSbO, , is 
formed, Strong ignition of Sb.Ojj with potassium nitrate and extriiction with 
water pvew the |K>tassium metantimona1e» KEbO, , and by adding nitric aeiil 
to a solution of this salt the free neirl is formed* The urtho acid dried at 100' 
irives the pyro acid: ^HaSbO^ == H^Sb^Or + H^O (Conrad, l.c), which upon 
further heating- to 200° *?ives the meta acid. The pyroantimonic acid ftirms 
two series of salts, M.Sb.O? and M^H^Sb^O^ . The "^sodium salt NajH-,SbgOT 
is insoluble in water and is formed in the quantitative estimation of antimony 
(0), and also In a method for the detection of sodium (1206^ 5j?)* For the latter 
the soluble potas^iium tiait K^HiSb^OT is used as the reafrent. It is prepnred 
by fnsingr antimonic acid with a hirf^'-e excesjs of potassium hydroxide: then 
dissolving, filtering*, eviiporatin^ and diiresting' Uott rn syrupy solution, with a 
larjj-e excess of potassiiini hydroxide, best in a silver dish, decanting- the 
alkaline liquor, and stirring the rpstdue to granulate, dry. This reagent must 
be kept dry, and dissolved when required for use; inasmuch as, in solution, it 
ch anises to the tetra potassium py roan timon ate. K^Sb.Ot , which does not 
precipitate sodium. The reaffent is, of eourse, not applicable in acid solutions. 
The reaction is as follows: K.H.SbvO, 4- SlTaCl == Na.H.Sb.O, + 2KC1 , 

The ortho acid, HaSbOi , is sparingly solvible in water, easily soluble in KOH, 
but insoluble in HaOH. The meta acid. HSbO, , is sparingly soluble in water, 
easily soluble in both the fixed nlkalis; the pyro acid, H^Sb.Ot ■. is sparinpfly 
(mor-e easily than the meta) soluble in water: the normal tixcd alkali salts, 
B,Sb,Ot , are soluble in water, also the arid potassiutn salt, KjHjSbjOT , but 
not the correspond in g sodium salt, Na.H.Sb.O;. , 

5. Soltibilities*— ir. — i/<^/?.— Antimony is attacked but not dissolvwl by nitric 
acid, forminif Sb.O^ (d) or Sb.Oj, {h), depending- upon the amtiunt and dcg"ree 
of concentration of the acid; it is slowly dissolved by hot concentrated salphnric 
acid, evolving- SO^ and forming- Sb,(SOj, (c); it is insoluble in HCl oat of con- 
tact with the air, btit the presence of moist air causes the oxidation of a small 
amount of the melal to 8b. 0, , which is dissolved in the acid without evolution 
of hydrogen (Dittc and Metzner, ^1. CA., t89G, (G), 29, 3Si)). 

The best solvent for antimony is nitric acid, followed by liydrochloric acid or 
nitruhydroehlortc acfd containing only a small lunount of nitric acid. Anti- 
nionous chloride, SbCl, , is at first fornied ((/), but if sutlicient nitric acid be 
present this is rapidly changed to antimonic chloride, SbGl^ (f)* Jf, bowcTer, 
too much nitric acid be present, the corresponding oxides (not read it y soluble 
in nitric acid) are precipitated (6c J, The halogens readily attack the metal 
forming at first the corresponding^ tribalogen compounds (d). Chlorine and 
broroine (gas) unite with the production of light, and if the halogen be in 
excess, the pentad chloride ) or bromide is formed (r3erthelot and l*etit» A. Cft,, 
iftsn, (n), 18, 65). The pentiodide, Sblj , does not appear to exist (Mac Ivor, 
J\ V„ 1876, 29, 328), 

(a) 2Sb 4- 2HN0, = Sb,0, *f 2N0 + H,0 
(h) 6Sb + JOHNO. = :iSb,0, H- lONO -h 5H,0 
(r) 2Sb -f GH.SO, — Sb,(SO0, + 3SO, + 6H,0 
(d) 2Sb + iiCl, = -SbCl. 
(p) SbCl. -h CL = SbCl, 

4dcA. — Antimonous oxide, Sb.Oi , is soluble in 55,000 parts of water at 
in 10,000 parts at 100° (Schul/.e, ,/, Pr., 1383, (2), 27, 3^0) ■ insoluble in 
fttc^obol; soluble in hydrochloric (ft), sulphuric and tartaric (h) acids with 
forma tioa of the corresponding salts. The dry ignited oxide ii« scarcely at ali 
*ioluhle in nitric acid: the moist, freshly precipitated oxide, on the other hand, 
dissolves readily in the oilnte or concentrated acid, be it hot or cold. Under 
certain conditions of concentration a portion of the antimony precipitates out 
upon standing as a white crystalline prccipitote. It ia soluble lu tbe fl^ed 
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alkali hydroxides with formation of metantimonites (c) (Terreil, A, Ch., 1866^ 
(4), 7, 350). Fixed alkali carbonates dissolve a small amount of the oxide with 
the probable formation of some antimonite (d) (Schneider, Pogg,, 1859, 108, 407), 
It is fairly soluble in glycerine (Kohler, Dingl,, 1885, 258, 520). 

(a) Sb,0, + 6HC1 = 2SbCl, + 3H,0 

(6) Sb,0. + H,C,H,0. = (SbO),C,^,0, + H,0 

(c) Sb,0, + 2K0H = 2KSbO, + H,0 

(d) Sb,0, + Na,CX>, = 2NaSbO, + CO, 

Antimony tetroxide, Sb204 , is insoluble in water, slowly dissolved by hot 
concentrated hydrochloric acid. Antimonic oxide, SbjOs , is insoluble in water; 
soluble in hydrochloric and tartaric acids without reduction; hydriodic acid 
dissolves it as antimonous iodide with liberation of iodine (6f); slowly soluble 
in concentrated fixed alkalis; soluble in alkaline solution of glycerine (Kohler, 
J, C, 1886, 50, 428). The hydrated oxides of antimony (acids) have essentially 
the same solubilities as the oxides (4). 

c, — Salt^. — Antimonous chloride, SbCl, , is very deliquescent, decomposed by 
pure water, forming a basic salt; soluble in water strongly acidulated with an 
inorganic acid, or tartaric, citric, or oxalic acids (6ft), but not when acidulated 
with acetic acid; it is also soluble in concentrated sohitions of the chlorides of 
the alkalis and of the alkaline earths (Atkinson, 0. N,, 1883, 47, 175). The 
bromide and iodide are dHiqucsceni and require moderately concentrated acid to 
keep them in solution. The sulphate, Sb3(S04), , dissolves in moderately con- 
centrated sulphuric acid. Antimonous tartrate and the potassium antimonous 
tartrate (tartar-emetic) are soluble in water without acidulation; the latter is 
soluble in glycerine and insoluble in alcohol. The trichloride, bromide and 
iodide are soluble in hot CSj; the chloride and bromide are soluble in alcohol 
without decomposition, but the iodide is partially decomposed by alcohol or 
ether (Mac Ivor, J. T., 1876, 29, 328). 

The pentachloride, SbCls , is a liquid, very readily combining with a small 
amount of water to form crystals containing one or four molecules of water. 
The addition of more water decomposes the salt forming the basic salt; if, 
however, a few drops of HCl have been added first, any desired amoiint of 
water (if added at one time) may be added without causing a precipitation of 
the basic salt. If after acidulation water be added slowly, the basic salt will 
soon be precipitated. 

Antimonous sulphide, SbaSg , is readily soluble in K2S , and on evapora- 
tion large yellow transparent en^stal8 of K^Sb^Sji are obtained (a) (Ditte^ 
C. r., 1886, 102, 108 and 212). It is soluble in moderately concentrated 
HCl with evolution of HoS (&); slowly decomposed by boiling with water 
into SbjOg and HoS (c); and on boiling with NH^Cl into SbCl, and (NHJ.S 
(de Clermont, C, r., 1879, 88, 972). Dilute H.SO^ is almost without action, 
dilute HNO3 gives S\0^ {d). Sparingly soluble in hot NH^OH solution, 
soluble in the fixed alkalis (on fusion or boiling) (e) ; insoluble in (NH4)2C0..j 
(distinction from arsenic); insoluble in the fixed alkali carbonates in the 
cold but on warming they effect complete solution (f) (distinction from 
tin); very sparingly soluble in normal ammonium sulphide; readily soluble 
in yellow ammonium sulphide with oxidation (//) (Ge). The pentasulphide, 
SboSj-, , is insoluble in water; soluble in the alkali sulphides (/?), and in the 
fixed alkali carbonates and hydroxides; insoluble in ammonium carbonate 
and sparingly soluble in ammonium hydroxide, more readily when warmed 
(/>., 2, 1, 217). On boiling with water it slowly decomposes into SboOg , 
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HaS and S (Mitscherlich, J. pr., 184rO, 19, 455). Hydrochloric acid on 
warming dissolves it as SbClg (f ) : 

(a) Sb^S. + 2X3S = X^Sb^Ss 

(ft) SbjS, + 6EC1 = 2SbCl, + 3HaS 

(c) Sb,S, + 3HjO = Sb,0, + 3HaS 

(d) 2Sb,S, + 4HN0, = 2Sb,0, + 3S, + 4N0 + 2H,0 
(c) 2Sb,S, + 4K0H = 3KSbS, + KSbO, + 2H,0 

(0 2Sb,S, + 2Na,C0, = SNaSbSa + NaSbO, + 2C0, 

{g) 2Sb,S, + 6(NH,)3S, = 4(NHJ,SbS, -f S, 

{h) Sb,S, + 3(NHJaS = 2(NHJ,SbS, 

(i) SbjS, + 6HC1 = 2SbCl, + 3H,S + S, 

d. — Water* — With the exception of the compounds of antimony with 
some organic acids, as tartaric and citric, all salts of antimony are decom- 
posed by pure WATER. For this reason it will be seen that water is a very 
important reagent in the analysis of antimony salts. The salts with 
inorganic acids all require the presence of some free acid (not acetic) to 
keep them in solution. If the acid be tartaric the further addition of 
water causes no precipitation of the antimony salt. Water decomposes 
the inorganic acid solutions precipitating the basic salt, setting more acid 
free which dissolves a portion of the basic salt. The addition of more 
water causes a further precipitation and at the same time dilutes the acid 
so that upon the addition of a sufficient amount of water a nearly com- 
plete precipitation may be obtained. If the precipitate of the basic salt be 
washed with water the acid is gradually displaced, leaving finally the anti- 
mony as oxide. 

With solutions of antimonous chloride the basic salt precipitated is" 
white antimonous oxychloride, Sb^CUO.- , " Powder of Algaroth," soluble 
in tartaric acid (distinction from bismuth, §76, 5r/) (^lac Ivor, C. N., 1875, 
32, 229), 4SbCl3 + 5H,0 = Sb.CLOj + lOHCl . The basic salt repeatedly 
washed with water is slowly (rapidly if alkali carbonate be used) changed 
to the oxide, Sb^O., (^lalaguti, J. /ir., 1835, 6, 253), Sb.CLO, + H,0 = 
2Sb203 + 2HC1. With autimonic chloride, SbCl, , the basic salt is 
SbOClj ; SbCl, -f H^O = SbOCl, + 2HC1 (Williams, C. .V., 1871, 24, 224). 

Solutions of the tartrates of antimony and of antimony and potassium 
are not precipitated on the addition of water; and antimonous chloride 

*The acidity of water solutions of certain salts havinjir a weak base and the alkalinity of 
others containing a weak acid is due to a partial docomiwsition (hydrolysis) of the salt by tho 
ions of the water, H* and OH', forming: a^rain tho oritflnal acid and base. NhsCO,, for instance. 
Is split up into the weak non-dissociated H.COa and the strongly-dissociated NaOH, whose 
OH ions give the "alkalino reaction." PeCIa in water forms soluble colloid Fe(OH)3, which 
may be separated by dialysis from the free HCl resulting or precipitated by addition of a 
neutral salt, as NaCl, to the dilute solution : KCN gives alkaline KOII and non-dissociated 
HCN, readily detected by it^ odor. Tn other cases precipitation is caused, as in the treatment 
of bismuth or antimnny solutionH with water or <mi heating Nn^ZiiO, solution, hydrolysis in 
general being increa8e<l by raising the temperature. The action of water on soap belongs to 
this class. 
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dissolved in excess of tartaric or citric acid solution is not precipitated on 
addition of water. 

6. Beactions. — a.— The alkali hydroxides and carbonates precipitate from 
acidulated solutions of inorganic antimonous salts, antimonous oxide,* SbjO, 
(a) (Rose, Pogg., 1825, 3, 441), white, bulky, readily becoming crystalline on 
boiling; sparingly soluble in water (5^), readily soluble in excess of the fixed 
alkalis, forming a metantimonite {b) (Terreil, A. Ch,, 1866, (4), 7, 350): slowly 
soluble in a strong excess of a hot solution of the fixed alkali carbonate (c) 
(distinction from tin); insolrble in ammonium hydroxide or ammonium car- 
bonate. The freshly precipitated oxide is readily soluble in acids (not in acetic 
acid). If the alkaline solution of the antimony be carefully neutralized with 
an acid (not tartaric or citric) the oxide is precipitated (d) and at once dissolved 
by further addition of acid. The presence of tartaric or citric acids prevents 
the precipitation of the oxide by means of the alkalis or alkali carbonates. 

The solutions of antimonous oxide by alkalis is due to combination with them, 
acting as a feebly acidulous anhydride and forming antimonites, which are 
found to be monobasic, so far as capable of isolation. Sodium antimonite, 
NaSbO, , is the most stable and the least sohible in water; potassiiim anti- 
monite, XSbOj , is freely soluble in dilute potassium hydroxide solution, but 
decomposed by inire water. By long standing (24 hoiirs), a portion of the 
antimonous oxide deposits from the alkaline solution, and the presence of alkali 
hydrogen carbonates causes a nearly complete separation of that oxide (e). 
(a) 2SbCl, -h 6K0H = Sb,0, + OKCl -f 3H,0 

2SbCl, -f aNa^CO, = Sb,0, + CNaCl -f 3C0, 
(6) Sb,0, + 2K0H = 2KSbO, -f H3O 
or SbCl, -f 4K0H = KSbO, + 3KC1 + 2H2O 

(c) Sb,0, -f Na^CO, = 2NaSbO, + CO, 

(d) 2XSbO, -f 2HC1 = SbaO, + 2KC1 + H,0 

(c) 2NaSbO, + 2NaHC0, = Sb,0, + 2Na,C0, + H,0 

Antimonic salts are precipitated under the same conditions as the antimonous 
salts. The freshly formed precipitate is the orthoantimonic acid, HtSbO^ = 
SbO(OH), = Sb,d5,3HaO («) (Conrad, C. ^^, 1879, 40, 198); insoluble in am- 
monium hydroxide or carbonate; soluble, more readily upon warming, in 
excess of the fixed alkali hydroxides and carbonates as metantimonate (6). 

(a) SbCl, -f 5K0H = SbO(OH), + 5KC1 + H,0 

(&) SbO(OH), + KOH = XSbO, + 2H,0 

h, — The freshly precipitated antimonous oxide is soluble in oxalic acid, but 
(in absence of tartaric acid) the antimony soon slowly but completely separates 
out as a white crystalline precipitate; unless an alkali oxalate be present, when 
the soluble double oxalate is formed. The precipitate of antimony oxalate 
dissolves upon the further addition of hydrochloric acid. Freshly precipitated 
antimonic oxide dissolves readily in oxalic acid and does not separate out upon 
standing. Acetic acid precipitates the solutions of antimony salts if tartaric 
acid be absent. Potassium cyanide gives a white precipitate with antimonous 
.salts soluble in excess of the cyanides. 

With potassium ferrocyanide antimonous chloride (not tartrate) gives a 
white precipitate*, soluble in hydrochloric acid (distinction from tin), or fixed 
alkali hydroxides (Warren, 0.*^ A^., 1888, 57, 124). Potassium ferricyanide is 
reduced to ferrocyanide by antimonous salts in alkaline solution (Baumann, 
Z, anfjew., 1892, 117). 

r.— From the solutions of the fixed alkali antimonites or antimonates the 
oxides or hydrated oxides (acids) are precipitated upon neutralization with 
nitric acid (or other inorganic acids); the freshly formed precipitates readily 

• Men^chutkin (paR-o 185) says the precipitate formed by the action of alkalis upon antimonous 
salts is the meta acid, HSbO,. 
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dissolving in an excess of the acid. Antimonous nitrate is verj' unstable and 
the antimonic nitrate is not known to exist. It is quite probable that these 
solutions in nitric acid are merely solutions of some of the hydrated oxides 
(acids). 

d. Compounds of antimony with the acids of phosphorus are not known, 
(NasHP04 does not precipitate antimony salts, separation from tin, §71, 6d). 

e. Hydrogen sulphide precipitates, from acid * solutions of antimonous 
salts, antimonous svlphiile (a), SboSg , orange-red; in neutral solutions 
(tartrates) the precipitation is incomplete. In strong fixed alkali solu- 
tions (6fl) the precipitation is prevented, or rather the sulphide first 
formed (b) is at once dissolved in the excess of the fixed alkali (f), sparingly 
in NH4OH . The alkali sulphides give the same precipitate sparingly 
soluble in normal ammonium sulphide, readily soluble in the fixed alkali 
sulphides (d) and in 3*ellow ammonium sulphide (e), Antimonous sulphide 
is slowly decomposed by boiling water (f) ; insoluble in ammonium carbon- 
ate (distinction from As); slowly soluble in boiling solution of the fixed 
alkali carbonates (g) (distinction from Sn) ; soluble in hot moderately con- 
centrated hydrochloric acid (h) (distinction from arsenic). The alkaline 
solutions of antimonous sulphide are oxidized upon standing by the oxygen 
of the air or rapidly in the presence of sulphur (e); from the alkaline solu- 
tions hydrochloric acid precipitates the antimony as trisulphide, penta 
sulphide or a mixture of those, depending upon the degree of oxidation (i). 
(a) 2SbCl3 -f 3H2S = Sb,S, + GHCl 
(h) 2KSb02 + 3H2S = Sb,S, + 2K0H + 2H,0 
((•) 2Sb,S, 4- 4K0H = ?.KSbS, + KSbO^ -h 2H2O 
((f) Sb^S, -f K,S = 2KSbS, 
(c) 2Sb,S, -h 6(NH,),S, = 4(NH4),SbS, -|- S, 
(f) Sb^S, -f 3H2O = Sb,0, + 3H,S 
(fj) 2Sb,S, + 2K,C0, = 3KSbS, -\- KSbO, -\- 200, 
(h) Sb,S, -f fiHOl = 2SbOl3 + ^H^S 

(0 nKSbS^ -f KSbO, + 4H01 = 2Sb,S, + 4K01 -h 2H,0 
or 2(NH,)3SbS, + GHCl = Sb^S, -f 6NH,01 4- 3H,S 

Hydrosulphuric acid f and alkali sulphides precipitate (under like condi- 
tions as for antimonous salts), from solutions of antimonic salts, antimonic 
sulphide, SboS^ , orange, having the same solubilities as the tri-sulphide. 
The alkaline solution of the sulphide consists chiefly of the ortho-thioanti- 
monate instead of the meta, as in antimonous compounds. SboS., + 3K.S 
= SKgSbS, ; 4Sb,S, + 18K0H = 5K,SbS, + GKSbO^ + OH^O . WliJn 
dissolved in HCl the ponta-sulphide is reduced to SbClg with liberation 
of sulphur, SboSg + GHCl = ^SbClg -f 3H,S + S. . 

•Accordlnflr to Loviton (J. G., 1888, 54, W2) tho precipitation takes place in the presence of 
quite strong: hydrochloric acid (one to one) separation from tin, which is precipitated only when 
three or more parts of water are present to one of the acid. 

t In order to precipitate pure antfmonfcau/phWe, the solution of the antimonic salt must be 
cold, and the hydroffeit anlrhlde added rapidly. If the solution he warmed or !he hydrotren 
sulphide added slowly more or loss antimonous sulphide is precipitated (Ilfisok, J". C, 18»5, 67, 
K16). 
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All salts of antimony when warmed with sodium thiosulphatey NaaSjO, » 
are precipitated as the sulphide (separation of arsenic and antimony). 2SbCl, 
4- 3Na,S,0, H- 3HjO = Sb^S, + 3Na,S0« + 6HC1 . Sulphurous acid reduces 
antimonic salts to antimonous salts (Knorre, Z. angeir., 1888, 155). Sulphates of 
antimony are not prepared by precipitation, but by boiling the oxides with 
strong sulphuric acid. They dissolve only in very strongly acidulated water. 

f, — Antimony occurs most frequently for analysis as the chlorides, it is 
therefore important that the student familiarize himself with the deport- 
ment of these salts with the various reagents, used in qualitative analysis. 
The most important of the properties have been discussed under 6a, h. c, d. 
Hydrochloric acid, or any other inorganic acid, carefully added to a solu- 
tion of antimony salts in the fixed alkalis will precipitate the correspond- 
ing oxide or hydrated oxide, soluble upon further addition of the acid. 
Potassium iodide added to antimonous chloride solution, not too strongly 
acid, gives a yellow precipitate of antimonous iodide, soluble in hydro- 
chloric acid. The precipitation docs not take place in the presence of 
tartaric or oxalic acids. Hydriodic acid (or ])otassium iodide in acidu- 
lated solutions) added to solutions of antimonic salts causes a reduction 
of the antimony to an antimonous salt witli liberation of iodine (distinc- 
tion from Sn'v." s|,ci^ + 2HI = SbCl., + 2HC1 + I^ . The iodine may be 
detected by heating and obtaining the violet vapors, or by adding carbon 
disulphide and shaking. It should be remembered that the solution to 
be tested must be acid, for in alkaline solutions the reverse action takes 
place, iodine oxidizing antimonous salts to antimonic salts: SbCls -f- 
8K0H -f I2 = K^SbO, + 2KI + 3KC1 + m,0 (Weller, A., 1882, 213, 
364). Also the absence of other oxidizing agents which liberate iodine 
from hydriodic acid must be assured. 

g, — If antimony and arsenic compounds occurring together are strongly 
oxidized with nitric acid there is danger that the insoluble precipitate of anti- 
monic oxide may contain arsenic, as antimonic arsenate, insoluble (Menschut- 
kin). Stannous chloride reduces antimonic compounds to the antimonous 
condition, but in no case causes a precipitation of the metal (distinction from 
arsenic). 

h, — Antimonous salts in acid, neutral or alkaline solution, rapidly reduce 
solutions of chroznates to chromic compounds. Acid solutions of antimonous 
salts reduce solutions of mAng^nates and permanganates to manganous salts: 
with alkaline solutions to manganese dioxide. These reactions are capable of 
quantitative application in absence of other reducing agents. The antimony is 
oxidized to the antimonic condition (0 and 10). 

f. — An antimonous compound when evaporated on a water bath with an 
ammoniacal solution of silver nitrate gives a black precipitate (Biinsen. .4., 
1855, 106, 1). A .solution of an antimonous compound in lixt'd alkali when 
treated with a solution of silver nitrate gives a heavy black ])recipitate of 
metallic silver, insoluble in ammonium hydroxide, and thus separated from the 
precipitated silver oxide. If instead of a water solution of silver nitrate, a 
solution with great excess of ammonium hydroxide (one to sixteen) be added, 
no precipitation occurs in the cold (distinction from Sn"): nor upon heating 
until the excess of ammonia has been driven ofP. Antimonates with silver 
nitrate give a white precipitate of silver antimonate, soluble in ammonium 
hydroxide. 
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;. — Stibine. — By the action of zinc and sulphuric or hydrochloric acid all 
compounds of antimony are first reduced to the metallic state. The 
formation of stibine is a secondary reaction and requires the moderately 
rapid generation of hydrogen in acid solution. If a few drops of a solu- 
tion of an antimony salt, acidulated with hydrochloric acid, be placed 
upon a platinum foil and a small piece of zinc be added, the antimony is 
immediately -deposited as a black stain or coating adhering firmly to the 
platinum; SSbClj + 3Zn = 2Sb + SZnClj . In this test tin, if present, 
deposits as a loose spongy mass, while arsenic, if present, does not adhere 
80 firmly to the platinum as the antimony. In the presence of arsenic 
this test should be applied with caution under a hood as a portion of the 
arsenic is almost immediately evolved as arsine (§69, 6'6). 

If hydrogen be generated more abundantly than in the operation above 
mentioned, by zinc and dilute sulphuric or hydrochloric acid, the gaseous 
antimony hydride, stibine, SbHg , is obtained for examination. For com- 
parison with arsine and details of manipulation see " Marsh's Test ^^ under 
arsenic (§69, 6'a) : 

SbjO, + eZn + GH^SO^ = GZnSO^ + 3H,0 + 2SbH, 

SbCl, + 3Zn + 3HC1 = SZnCl, + SbH, 

Stibine is a colorless, odorless gas, not nearly so poisonous as arsine. It 
burns with a luminous and faintly bluish-green flame, dissipating vapors 
of antimonous oxide and of water (a); or depositing antimony on cold 
porcelain held in the flame, as a lusterless brownish-black spot (&). The 
gas is also decomposed by passing through a small glass tube heated to 
low redness (c), forming a lustrous ring or mirror in the tube. The stibine 
is decomposed more readily by heat than the arsine and the mirror is 
deposited on both sides of the heated portion of the glass tube. The spots 
and mirror of antimony are compared with those of arsenic in §69, 6'c. 
The antimony in stibine is deposited as the metal when the gas is passed 
into a concentrated solution of fixed alkali hydroxide or when it is passed 
through a U tube filled with solid caustic potash or soda-lime (distinction 
and separation from arsenic). 

(a) 2SbH, H- 30a = Sb^O, -h 3H,0 

(6) 4SbH, + 30, = 4Sb -h 6HaO 

(c) 2SbH, = 2Sb + 3H, 

When the antimony hydride (stibine) is passed into a solution of silver 
nitrate, the silver is reduced, leaving the antimony with the silver, as 
antimonous argentide, SbAgg , a black precipitate, distinction from arsenic, 
which enters into solution (^69, O'a and h) ; SbHg + SAgNOg = SbAgg -f 
SHNOg . The precipitate should be filtered and washed free from unde- 
composed silver salt (and arsenous acid, if that be present), and dissolved 
with dilute hydrochloric acid (HCl does not dissolve uncombined anti- 
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mony, M) : SbAf ^ + ^HCl = SbCl, + 3AgCl + SH^ . The solution con- 
sists of antinionouii chloride, leaving silver chloride as a predpitate. 
However, in the excees of hydrochloric acid used a small portion of the 
silver chloride may be dis^solved (§59, ac), interfering with the final test 
for the antimony. If this be the case the silver should be removed by a 
drop of potaseium iodide (8). 

Stibine is not eifolved by the action of atrong- SOH upon Kinc or ttlitminum^ 
nor by sodjum amalg'am in neutral or alkaline solution (clistmetion from triad 
arsenic): the antimony is precipitated as the metal (Fleitmann, J, C 1852, 4^ 
320), Stibine is slowly oxidized hy sulphur to Sl^^Si m tht> sunllg-ht at or<1inary 
temperature aiifl rapidly when the sulphur (in a U tube mixed with glass wool) 
is heated to 100"^. The reaetion takes place aceordingf to the following equationi 
2SbH, + ;iS, = Sb,S, + ?M,B (Jones, J\ C, 18T6, 29, 645). 

7. Ignition.— By iR-nUion in the absence of reducing- ai^enis, antimonic acid 
and anhydride are reduced to antimonous antiTiionatej Sb^Oa^Sb^^O^ or Sb.O^ 
(Sb^'Sb^OJ^ a comiKJund unchanged at a dull red heat, but when heated to 
800** this oxide is further reduced to antimonoua oxide (-lb). 

The antimonatea of the fixed alkali tnetnls are not vaporized or decomposed 
when ignited in the absence of reducing- agents; hence, by fu.sinn in the rrneible 
with sodium carbonate and oxidizing^ agents, I. e., with smlium nitrate and cnr* 
bonate, the compounds of antimony are converted into non- volatile sodium 
pyroantimonate, Na^SbaO, » and arsenic compounds if present are at the same 
time changed to sodium orthoarsenate, Na^AsO^ * If now the fused mass be 
digested and clisintegrated in cold water and filtered, the antimonaie is sepa- 
rated as a residue* Na.H3Sb.OT (ic), while the arsenate remains in solution 
with the excess of alkali. The operation is much more satisfactory when The 
arsenic and antimony are previously fully oxidized — as by digest ion with nitric 
acid^as the oxidation by fusion in the crueiblr Is not effected soon enough to 
retain all the arsenic or antimony which may be in the state of low^er osides* 
sulphides, etc. If compounds of tin are present in tbe operation^-and if the 
fusion la not done with excess of heat, s<j as to convert sodium nitrite to caustic 
soda and form the soluble sodinm stannate — the tin will be left as stannic oxide, 
SnOj , In the residue with the NA^H^Sb^O, , But if sodium hydroxide is added 
in the operation, the tin is separated as btannate in solution with the arsenic 
(Meyer, /, C. 1S49. 1, 388), 

All compounds of antimony are completely reduced in the dry -way on char- 
coal with sodium carbonate* mere rapidly with potassium cyanide; the metal 
fusing to a brittle globule. The redneed metal rapidly oxidizes, the white 
antimonouB oxide rising in fumes, and making a crystalline deposit on the 
stipport. If now ammonium sulphide be added to this white aiibliraate, an 
orange precipitate is a sure indication of the pr€*sence of antimony (Johnstone, 
C. N,, 1^83, 58, 3D6). The same white oxide is formed on heating antimony or 
ita sulphides in a glass tube* through which air is allowed to pass, 

S. Detection. — Antimony is precipitntcd, from (be solution acidulated 
with hydrochloric acidj in the second group by hydrosulphuric acid as the 
sulphide {Be), By its solution in yellow ammonium sulphide * it is sepa- 
rated from Hg , Fb , Bi , Cu , and Cd . In the Mori^h apparatus the anti- 
mony is precipitated on Uh? Zn as the metal, a portion being still further 
reduced to stibine. By passing the gasee, &iihim and arsine^ into AgKO^i 
solution, the antimony is precipitated as SbAg^ , antifmny argenUde, eepa- 



*AntiiiionyBs sulphide stilution in ^TOtaB^slumsalpbl'lo may be detected clcctrolrtiCBlly. beliv 
depofiited as Sl»^ Delicate to one part in 1,500,000 (Kotm, J. Sot. Jnd., 1801, 10, 3gf7>. 
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rating it from the ari^enie which is oxidizer] and passes intd solution as 
ai^enous acid. The SbAg^ is dissolved in HCl and the presence of tho 
antimony is confinned by the precipitation of the orange colored sulphide 
with H.S . Study text at 6 and §&4 to §89. For distinction between Sb^' 
and Sb''' see §89,>. 

t», Estimatloti. — (/) TiiHane ncid and water are added to EbCl> , which is 
then preL'ipitated by H,S us Sb,S, , anj nfter wiisjhijig on n. welp^hed filter it i» 
dried at 100* and wiiiR:hetL If from an.v eanse the pret'ipltate eontaitiH free 
sulphur, it is separated by heating m GO3 . (i) AntimoiioiiK o3Cide» sulphide, 
or any oxysalt of aritmiony is first hoi led with funiin|^ nitric acid, which eon- 
verts it into Sb^O:, , and then by ig'jntinn it is redueed to Sb^O^ , and %veighed 
as Bijch. i^i) The trichloride is precipitated by gal lie ncid. and wei^rhed after- 
drying at 100°. (J) In the presence of tin and lead osidize the hydrochlorie 
acid isolution of the salts with ECIO, (the tin miiKt he present as Sn^V) and 
distil in a current of HOI . The stannic and antimony ehloridea are volatile 
(separation from lead). To the distillate add inetallic iron, obtaining' stannous 
chloride and metallic antimony: filter and wash (separafion from tin). Fuie 
the precipitate with sodium nitrate and sodium carbonate, digest the fused 
mass with cold water, filter* wash, drv nnd weigh as Na^H.Sb^O, (7) (Tookey, 
/, C, 1863, 15» 462: and Thiele, A., X81M» 263, 361). {5} For estimation of anti- 
mony and separation from arsenic and tin bv the use of oxalic acid, see Lessen 
(X., 1889, 27, ^18) and Clarke (C. N., 1870, 21, 124). {6} VoIuraetrieaHy, The 
antimony compound is converled into stibine (6j) and the gas passed into 
standard silver nitrate solution. The solution is Altered and the excess of 
«ilrer nitrate is titrated with standard sodium chloride. If arsenic be present 
it must also be estimated (§69, 9 (^'>))t and the true amount of antimony 
present computed from the two determinations (llouzeau, J. C, 1873, 26, 407), 
(7) Sb'" is oxidized to Sbv in presence of KaHCOa by a standard solution of 
iodine. The end of the reaction is shown bv the blue color driven to stnrch. 
{8) Sb'" is oxidized to Sbv in presence of H,C,H.O^ by KMnO, , (9) SV" is 
oxidized to Sbv by K.CrjO, , and the excess of K^Cr^Oi' usetl is determined hy 
a standard sobition of FeSO^ , KaFeiCNla being used to show the end of the 
reaction, (W) The antimony as the triad salt is treated with an excess of 
standard K^We{CN)^i the excess of which is estimated in a gaa apparatus with 
H,0, (Baumann, E. anffew., 18913, 11^)* 

10. Oiddation.-^Stibine, BhS.^ , is decomposed by heat alone into anti- 
mony ant! hydrogen (6;), By bnniing in the air it is oxidized to B\Q, 
and H^O . Passed into a solution of silver nitrate, SbAg^, m produced, or 
passed into a solution of antimonous chloride or potassium hydroxi<3c, 
sp* gr. L25, metallic antimony is produced. Excess of chlorine, bromine, 
or mtrie acid in presence of water oxidizes it to Sb"^; but if the SbH^ be in 
excess metallic antimony is precipitated. With excess of iodine in pres- 
ence of water Sb'" is produced; if the stibine be in excess metallic anti- 
mony. Metallic antimony is oxidized by nitric acid, chlorine or bromine 
to Sb"' or Sb^, dependins: upon the amount of these reagents and the 
temperature. Iodine oxidizes the metal to Sh'" only, except in alkaline 
mixtures when Sb^ is formed. 

Antimonou?^ coniponnds are oxidised to antimonic compounds by CI, 
Br . HHO., , K^Cr^.O. , and KMnO^ ; by silver oxide in presence of tho fixed 
alkalis (Gi); by ^^old chloride in hydrochloric acid solution, gold bein>,^ 
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deposited as a yellow precipitate (§73, 10). The antimony is precipitated 
as SbjOg unless sufficient acid be present to dissolve the oxide : 4AuClj + 
aSbjOa + 6H2O = 4Au + SSbjO, + 12HC1 . 

Antimonic compounds are reduced to antimonous compounds by HI {6f) 
and by SnClg (§69 and §71, 10); the antimony not being further reduced 
(distinction from As). Antimonic and antimonous compounds are reduced 
to the metallic state by Pb , Sn , Bi , Cu , Cd , Fe , Zn , and Mg ; but in 
the presence of dilute acids and metals which evolve hydrogen the anti- 
mony is still further reduced to stibine. Iron in the presence of platinum 
(iron platinum wire couple) precipitates the antimony from acid solutions 
as Sb°; 0.000012 grams can be detected (Rideal, C. N,, 1885, 61, 292). 

Sodium amalgam with dilute sulphuric acid evolves stibine from all 
antimony solutions (Van Bylert, B., 1890, 23, 2968) but the generation 
of hydrogen in alkaline solution, 1. e., Zn + KOH , causes the reduction 
of the antimony salt to the metal only, in no case evolving stibine. 

§71. Tin (Stannum). Sn = 119.0. Valence two and four. 

1. Tro-pertiea,— Specific gravity, 7.293 (Rammelsberg, B., 1870, 3, 724); melting 
point, 231.08** (Callendar and (iriffiths, C. A'., 1891, 63, 2). Boils between 1450° 
and 1600° (CarneHey and Williams, J. C, 1879, 35, 566). Does not distiU in a 
vacuum at a red heat (Schuller, */., 1884, 1550). Tin is a silver white metal, does 
not tarnish readily in pure air. At a red heat it decomposes steam with evolu- 
tion of hydrogen; at a white heat it burns in the air with a dazzling white 
light, forming SnO, . It is softer than gold and harder than lead, can readily 
be hammered or rolled into thin sheets (tinfoil); at 100° it can be drawn into 
wire and at 200° can be pulverized. Tin possesses a strong tendency to crystal- 
line structure, and when bar or block tin is bent a marked decrepitation 
" Zinngeschrei " (Levol, A, Ch., 1859, (3), 56, 110) is noticed, due to the friction 
of the crystals. Block tin exposed to severe cold (winter of 1807-68, at St. 
Petersburg, — 39°) crumbles to a grayish powder (Fritsche, B., 1869, 2, 112). 
This same property of crumbling is noticed in samples of tin that have been 
preserved several hundred years (Schertel, J. pr., 1879, 2, 19, 322). Tin forms 
alloys with many metals. Bronze consists of copper and tin, brass frequently 
contains from two to five per cent of tin, solder consists of lead and tin. All 
the easily fusible metals as Wood's metal, etc., contain tin. For many refer- 
ences concerning tin alloys, see Watts (IV, 720). 

2. Occurrence. — The chief ore of tin is cassiterite or tinstone, a nearly pure 
crystallized dioxide, found in England, Australia, Malay Peninsula, United 
States, etc. (/).. 2, 1, 643). Tin pyrites, impure SnSj , is found in small quanti- 
ties in various tin veins. 

3. Preparation. — The reducing agent employed is carbon. The impure ore, 
SnOa , is first roasted, which removes some of the arsenic as As^O, , and some 
of the sulphur as SOj . Then, by washing, the soluble and some of the in- 
soluble impurities are washed away, the heavier SnO, remaining. It is then 
fused with powdered coal, lime being introduced to form a fusible slag with 
the earthy impurities. It is refined by repeated fusion. Strictly pure tin is 
best made by treating the refined tin with HNO, , and then reducing the oxide 
thus formed by fusion with charcoal; or by reducing the purified chloride. 

4. Oxides and Hydroxides. — Tin forms two stable oxides and corresponding 
classes of salts; stannous oxide, SnO , Ijlack or blue black, and stannic oxide, 
SnOj , white; the latter acts both as a base, in stannic salts, and as an anhy- 
dride, in stannates. Stannous oxide is formed (1) by precipitating SnCl, with 
XsCO, , washing with boiled water in absence of air. drying at 80° or lower; 
then dehydrating by heating in an atmosphere of hydrogen or carbon dioxide 
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(Longe, €. C„ 1886, 34); (2) by melting a mixture of SnClj ana Na^COj with 
Mirring until it becomes black, au<l removing' tlie NaCl by washing (Sandal^ 
PhlL Mag,, lti3^, (3), 12, 2Xr>; Bottler, A,, 1839, 20, ST). yStannam kudroJ^idc, 
Stx(OH)j*» white to yellowish white* is formed by adding' alkalis or alkali 
i-arborKites to stannous uhloridet washing and drying at a low temperature 
(Dilte, A. Vh., Ibb2, (i^), 27, 145). 

Hintiwie oxide exists in two forms, crystalHne and amorphous. The Bative 
tinstone is nearly pure erystalUne SnO^ , P'or preparation see Bourgeois (C. r., 
188T, 104, 2;U) and Levy and Bo\irgeois (C. r,, IB 82, 84, 13tj5). Amorphous SnO, 
IS formed (i) by bt-ating tin in the air to a white heat; {2) stannic salts ore 
precipitated by alkali earbonates, the precipitate washed and ignited; {3} tin 
is oxidized by nitric acid; (J) tin tilings are ignited in a rt'tort with HgO 
(D*. 2, 1, 647). Stftniiic hffdrfixidv or stannic acid exists in two forms: (/) Kor- 
mal stannic acid, SiiO(OH)j ^ H.SnOf^ , is formed when a solution of stannic 
chloride is precipitated by barium or calcium carbonate (Freing, Pog^., 1842, 65, 
519) J if an alkali carbonate be used some alkali stannate is also formed. {2) 
Metastannlc acid, H,{,SnaO,i,. , is formed by decomposition of tin with nitric 
acid (Hay, C. N,, 1870, 22, 2W8: Scott, C. A'., 1870, 22, 322): insoluble in acids but 
changed on standing with acids to normal stannic acid, w^hich is readily soluble 
in acids (56). It is also formed when stannic chloride is boiled in concen- 
trated solution with most of the alkali salts: jSuCI^ + 20Na2SO^ + 15H,0 = 
Hi.SHtOis + SONaOl 4- SoNaHSO, , or according to Freseninj^ (16th edition), 
271: SnCl, + ^Na,SO, + -JH.O = Sn(OH), + 4lTaCl + 4NaHS0, . 

5. Solubilities*— ^,— J/ ff (I /. — Tin dissolves in hydrochloric acid slowly when the 
acid is dilute and cold, but rapidly when hot and concentrated, stannous 
cblonde and hydrogen being produced {a}; in dilute sulphuric acid, slowly, with 
sepfiration of hydrogen ('/), (not at all even in hot acid if more dilute than 
H,SO,.fiH,0 (Ditte, A. Ch., (5), 27, 14j); in hot concentrated stilphuric acid, 
rapidly, with separation of sulphnrons anhydride and sulphur (c); nitric acid 
rapidlj' converts it into metastannic acid, insoluble in acids ((0^ very dilute 
nitric acid dissolves it without evolution of gns as stannous nitrate and am- 
monium nitrate (r) (Maumene, /?^, (2), 35, 5r>^): nitro*hydroehloric acid dis- 
solves tin easily as stannic chloride (0* potassium hydroxide solution dissolves 
it very slowly, and by atmospheric oxidation (r;) : or, at high temperatures, 
with evolution of hydrogen (h). Bromine vapors readily attack melted tin 
with formation of SnBr, , colorless crj^stals, melting point 30^ (Carnelley and 
O'Shea, J. C'., 187S, 33, 55), 

(a) Bn -h 2HC1 = SnCl^ -f Mt 

(ft) Sn -h HgSO, = SnSO, 4- H, 

(c) Sn -h 2H,S0, = SnSO, + 2H,0 + SO, 

and then 4SnS0, + 2S0, -f- ^H^SO* = 4Sn(S0Ja + S, + 4HaO 

(d) l3Sn + 20HNO, + 5H,0 = aH,,Sn>Oj^ + 20NO 

(e) 4Sii -f- lOHNO. = 4Sii{N0,)» + 3H,0 + NH.NO, 

(f) Sn -I- 2C1, = SnCl, 
iff) 2Bn H- 4K0H + O, = 2KsBnO, -f 2H,0 
(A) Sn -f 2K0H = K,BnO, + H, 

5. — O^fid^H. — Stannmtx oj^t/fr is insoluble in water^ soluble In acids (Ditte, A. Ch.^ 
1882, (5), 27, 145; ^Yeber, J, C, 1S82, 42, 12&6), oxidized by nitric acid when 
heated, forming the insoluble metastannic acid. Sittnnmm hifdmj'ide is readily 
soluble in all the solvents of the oxide, and is also readily soluble in fixed 
alkali hydroxides. S4annic o.rf(/f, SnO, ^ is insoluble in water; soluble with 
difficulty in alkalis; insoluble in neids except in concentrated H.SO« (D-, 2, 1, 
648). Sulphur forms SnSj and SO,; rhloriae forms SnCl, (Weber, Pogg., 1861, 
112. r^ifl). Normal atnttnic acid, H.SnO, , freshly precipitated, is soluble in 
f!xed alkali hydroxides and in acids (Ditte, C. r.] 1887, 104, 172); insoluble in 
w^ater and changed by hot nitric acid to the insoluble metastannic acid* 
Metmtfinnh acid, H,,,Sn,Ot» , is insoluble in water and acids, HCl changes it to 

•Aecordtafif to other nut liori ties Bn^OB}t does not oilst. but a hytlmtert oxide ll farmed, 
SttO . SniOH], tGraham-Otto, a , 2, IfflJ: ; D., 2. 1, 667 ; G nuJlin- Kraut, a, IOT>. 
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metastannic chloride insoluble in the acid, but soluble in water after removal 
of the acid; soluble in the fixed alkalis as metastannates, which are soluble in 
water and precipitated by acids. Metastannic acid in contact with HCl is 
gradually changed to stannic acid (Barfoed, J, pr,, 1867, 101, 368). 

c, — Salts. — The sulphides and phosphates of tin are insoluble in water, also 
stannous oxychloride; stannous sulphate,* bromide and iodide; and stannic 
chloride and bromide dissolve in pure water with little or no decomposition 
(rersonne, C. r., 1862, 54, 216; and Camelley and O'Shea, J, C, 1878, 33, 55). 
Stannous chloride is soluble in less than two parts of water (Engel, A. Ch., 1891, 
(6), 17, 347); but more water decomposes it, unless a strong excess of acid be 
present: 2SnCl2 -|- H^O = SnO.SnCl, + 2HC1 . Pure stannic chloride is a 
liquid; «p. gr., 2.2; boiling point, 144**; solidifies at —33*' (Besson, C. r., 1889, 109, 
940). A small amount of water added to the liquid combines with heat to form 
crystals of SnCl^.SHjO , which are readily soluble in excess of water (/)., 2, 1, 
662). Stannic chloride is not readily decomposed on boiUng with water. The 
nitrates of tin are very easily decomposed by water and require free acid to 
keep them in solution (Weber, «/. pr., 1882, (2), 26, 121; Montemartini, Oazzetta, 
1892, 22, 384). Stannic iodide is readily soluble in water (Schneider, Pogg,, 1866, 
127, 624). Stannic sulphate is easily soluble in water, but is decomposed by a 
large excess (Ditte, C. r., 1887, 104, 171). Stannous and stannic chloride, and 
stannic iodide are soluble in alcohol. Stannous nitrate and stannic sulphate, 
and bromide are deli^jueifcent. Stannous sulphide is insoluble in water, soluble 
in HCl with formation of HjS; decomposed by HNO, with oxidation to meta- 
stannic acid; insoluble in solution of the normal alkali sulphides, but soluble 
in the polysulphides with oxidation to a stannic compound (6e). Stannic sul- 
phide is soluble in HCl , with evolution of H^S; and in solutions of the alkali 
sulphides. 

6. Beactions. — a. Alkali hydroxides and carbonates precipitate from 
solutions of stannous salts, stannous hydroxide, Sn(0H)2 (4), white, readily- 
soluble in excess of the fixed alkali hydroxides, insoluble in water, am- 
monium hydroxide and the alkali carbonates (distinction from antimony). 
It is also precipitated by barium carbonate in the cold (Schaffner, A,, 1844, 
61, 174). 

SnCl, -f 2K0H = Sii(OH), + 2KC1 

Sn(OH), -h 2K0H = X^SnO, + 2H,0 
SnCl, + 4K0H = K,SnO, -f 2KC1 + 2H,0 
SnCl, + Na^CO. + H,0 = Sn(OH), + 2NaCl -f CO, 

By gently heating the solution of potassium stannite, KgSnOa , crystalline 
stannous oxide, SnO , is formed. By rapid boiling of a strong potassium 
hydroxide solution of stannous hydroxide part of the tin is oxidized and 
the remainder precipitated as metallic tin; SKjSnOj + H2O 1= Sn -f- 
EsSnOg + 2E0H . The reaction proceeds more rapidly upon the addition 
of a little tartaric acid. Stannic salts are precipitated by alkali hydroxides 
and carbonates as stannic acid, H^SnOs soluble in excess of the fixed alkali 
hydroxides, insoluble in ammonium hydroxide and the alkali carbonates 
(Ditte, A, Ch., 1897 (6), 30, 282). 

BnCl, + 4K0H = H.SnO, + 4KC1 -f H,0 

H,SnO. + 2K0H = K.SnO. + 2H,0 
SnCl, + GKOH = KaSnO, + 4KC1 + SH^O 
SnCU + 2Na2CO, + H,0 = H^SnO, + 4NaCl + 2C0, 

• Stannous sulphate is decomposed by an excess of cold water forming 2SiiS04.4Sn0.3H,0|r 
and by a smaU amount of hot water forming 8nSO«.2SnO (Ditte, A, Ch„ 1883, (6), a7, 181). 
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Meta&tannie salte are precipitated as metastannie acid soluble in potassium 
hydroxide not too conceiitrated, not readily soluble in sodium bydroxide, 
insoluble in ammonium hydroxide and the alkali carbonates. 

ft.— Oxalic acid forms a white erystalline precipitate with a nearly neutral 
solution of St a lint MIS chloride* soluble in hydrochloric ncid» nut readily soluble 
in ammoiHum chloride. If a nearly neutral solution of stannous ehluride be 
added drfip by drop to a solutson of ammonium oxalate, the white precipitate 
which forms at once diBsohesi in the excess of the ammonium oxalate. Stannic 
chloride is not precipitated by oxalic acid or ammonium oxalate (Havismann 
and LoewenthaU .1,, 1S54, 80, 104). 

Potassium cyanide precipitates both et^innouB and stannic i^ltB, white, in- 
soluble in exces.s of the cyanides. Potaastum ftrrocyanide precipitates from 
stannoas chloride solution -s/e/riiow* ftrrftcifftnide, Sn;re(CN)A , white, insoluble 
in water, soluble in hot concentrated hydrochloric acid. Stannic chloride is 
precipitated as a greenish white gelatinous precipitate, soluble in hot hydro- 
cMoric acid, but reprecipitated upon cooling (distinction from antimony) 
(Wyrouboff, A. Ch., 1876, (3), 8, 458), Potassium ferricyanida precipitateK from 
solutions of stannous chloride, Mtftnnous f fVTiVj/aw iVk, Snj(Fe(CN)a)2 , white, 
readily soluble in hydrochloric acid. On warming-, the ferricyanide is reduced 
to ferrocyanide with oxidation of the tin. No precipitate is fornnnl by the 
lerricj anide with stannic chloride. 

c— The nitrates of tin are not stable. Stannous nitrate is deliq^trsrenf and 
soon decomposes on sttindinff exposed to the air. Stannous salts when heated 
with nitric acid arc precipitated as SnO^: but if stannous chloride be warmed 
with a mixture of cquiU parts of nitric and hydrochloric acids, stannic chloride 
and ammonium chloride are formed (Kestner, .4. Oft., I860, (3), 58, 471). 

C— Hypophosphorous acid does not form a precipitate with stannous or 
stannic chlorides^ nor are these saJta reduced when boiled -with the acid* Soditim 
tiypophosphlte forms a white precipitate with stannous chloride, soluble in 
excess of hydrochloric acid; no precipitate is formed with stannic chloride. 
PhoBphorlc acid and soluble phosphates precipitate from solutions of stannous 
salts, not too strong-ly acid, »tarrm}u» phosjihafe, white, of variable composition, 
soluble in some rjcids and KOH: insoluble in water (Lenssen. A., IHfiO, 114, 
113)* With stannic chloride a white R^latinous precipitate is formed, soluble 
in HCl and KOH , insoluble in HNO^ and HC,H|Oi . If the staunlc chloride be 
dissolved in excess of NaOK before the addition of NajHPO, and the mixture 
then acidulated with nitric acid, the tin is completely precipitated as stannic 
phosphate (separation from antimony). However, the precipitate always car- 
ries a little antimony (Bomemann, Z, nngew., 1899, 035). 

e. Hydrosulpliurie acid and soluble sulphides pr^^cipitate from solutions 
of stannous salts dark brown by d rated stannous sulphidey SmS (a), insol- 
uble in dilute, soluble in moderately concentrated HCl (h). It h readily 
dissolved vith oxidation by alkali supersulphide^j the yeUow sulphide.% 
forming thioBtannates (r) ; from which acids precipitate the yellow stannic 
sulphide (J). The normal, colorless alkali sulphides ecarcely dissolve any 
stannous sulphide at ordinary teutperature, compare (§69, 6^ and §70, 6«), 
but hot concentrated K^S dissolves SnS forming KjSnS^ and Sn (e) (Ditte, 
C. n, 1882, 04, 1419; Baiibigny, J. C„ 1883, 44, 22). Potassium an<l 
eodium hydroxides dissolve it as ptaunites and thiostannites (f)^ from 
which acids precipitate a^rain the brown stannous sulphide (f?). Am- 
monium hydroxide and the alkali carbonates do not dissolve it (distinction 
from arsenic, ^60, Or). The insolubility in fixed alkali carbonates is a 
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distinction from antimony (§70, (Se). Nitrohydrochloric acid (free chlorine) 
dissolves it as stannic chloride, with residual sulphur Qi). Nitric acid 
oxidizes it to metastannic acid without solution (i) (separation from 
arsenic, §69, 6g). 

(a) SnCl, + H,S = SnS -f 2HC1 

(6) SnS + 2HC1 = SnCla -f H,S 

(c) SnS + (NH,),S, = (NHJ,SnS, 

(d) (NHJaSnS, + 2HC1 = SnS, + 2NH4CI + H,S 
(c) 2SnS + K,S = K,SnS, + Sn 

(0 2SnS + 4K0H = X,SnO, + K,SnS, + 2H,0 

(g) (K,SnO, + K^SnS,) + 4HC1 = 2SnS + 4KC1 + 2H,0 

{h) 2SnS + 4C1, = 2SnCl, + S, 

(f) 30SnS + 40HNO, + 10H,O = 6HioSn.O,. + 40NO + 15S, 

Solutions of stannic salts are precipitated as stannic sulphide, SnSa . 
hydrated, yellow, having much the same solubilities as those given for 
stannous sulphide, with this differeiieo, that stannic sulphide is moderately 
soluble in normal, colorless, alkali sulphides. The following equations 
illustrate the most important reactions: 

SnCl^ 4- 2H2S = SnS^ + 4HC1 

SnS, + 4HC1 = SnCl, + 2H,S 

SnS, 4- (NH,)2S= (NHJ.SnS, 

2SnS, 4- 2(NH4)2S, = 2(NH,),SnS, + S, 

3SnS, + CEOH = X,SnO, -f 2K,SnS, + 3H,0 

(K,SnO, + 2K2SnS3) + OHCl = 3SnS, + 6KC1 + 3H,0 

SnS, 4- 2Cla = SnCl^ 4- S, 

15SnS, 4- 20HNO, 4- 5H,0 = 3HxoSn,Ois 4- 15S, 4- 20NO 

Sodium thiosulphate does not form a precipitate with the chlorides of tin 
(separation from As and Sb) (Lesser, Z., 1888, 27, 218). Sulphurous acid and 
Bodium sulphite precipitate from stannous chloride solution not too strongly- 
acid, stannous sulphite, SnSOg , white, readily soluble in HCl . When warmed in 
the presence of hydrochloric acid, sulphur dioxide acts as an oxidizing agent 
upon the stannous salt. A precipitate of SneOjoSj or SuS, is formed, or H,S 
is evolved and SnCl^ formed, depending upon the amount of HCl present. 

6SnCl, 4- 2S0a 4- CH2O = Sn,0,oS, 4- 12HC1 
6SnCl, 4- 2S0, 4- 8HC1 = SnS, 4- SSnCl^ 4- -iH^O 
3SnCl, 4- SO, 4- 6HC1 = 3SncC4- H,S 4- 2HaO 

Stannic chloride does not give a precipitate with sulphurous acid or sodium 
sulphite. 

The sulphates of tin are formed by dissolving the freshly precipitated 
hydroxides in sulphuric acid and evaporating at a gentle heat. They cannot be 
formed by precipitation and are decomposed by water (Ditte, A. Ch.^ 1882, (5), 
27, 145). 

f. — ^Potassium iodide added to a concentrated water solution of stannous chlo- 
ride forms first a yellow precipitate soluble in excess of the SnCl, . Further 
addition -of KI gives a yellow precipitate rapidly turning to dark orange needle- 
like crystals, often forming in rosette-like clusters. If a drop of the stannous 
chloride solution be added to an excess of potassium iodide the yellow precipi- 
tate is formed, which remains permanent unless a further quantity of stannous 
chloride be added when the orange precipitate is formed. The orange precipi- 
tate is probably SnI, , and is soluble in HCl , KOH , and CH^yOH . soluble in 
large excess of KI and sparingly soluble in HjO with some decomposition. 
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The yellow precipitate Is probably a double salt of siannouB iodjtle and potas- 
sium iodide* and has about the same solul}ilitJt\^ as the oran^re precipitate 
(Personne, J„ 18G2, 171; liouHay, A. Ch., 1827, (2), 34, 372). Potassium iodidt' in 
concentmtecl eolation precipitates gkinnit^ iodide, yellow, from very concentrated 
Tvater solutions of stannic chloride. The precipitate is readily soluble in water 
to a colorless solution (Schneider, J., 1800, 221*). HyclriodiL* acid does not give 
free I with Sn^v ^ distinction from Sbv and AsV (Harroun, ,L t\, 18S2» 42, 661). 

The chlorates, bromates and lodates of tin have not been thoroitghly studied 
{Wnttn, 1, h'A% II L, 22; D., g, l. 675). Stannous fhlorate appears to be formed 
when potassium chlorate is added to a t'oneentrated water sokition of sianrans 
chloride; it dissolves on addition of HCl, and nearly all dissolves in exress of 
water. With KBrO^ , bromine is liberated, n«d with KIO, iodine is liberated. 
Potassium chlorate, broniate a ad iodate all form preeipitates with i^tnunlc 
chloride^ soluble in HCl without liberation of the halogen, 

p.— Stannous arsenate, SSnO.As.O^ , a voluminous tloeeulent precipitate ia 
formed by adding- a solution of EnCl. to a concentrated acetic acid solution of 
K;,AaO^ , det'oni posed by ht'Siting to Aa , A3;0j and SnO^ (Lenssen, A*, 18C0, 114, 
115)* Stanalc arsenate, 2SiiO,.As.O;, , a white fjelatinous precipitate is formed 
by addin^^ HNO, to a mivture of Na-SnO, and Na^AeO, (Haeffely, J., 1S55, 31*5)» 
With antimony, tin acts as a base, forming- stannous and stannic antimonitea 
and antimonatcs (Lenssen, /* v.). 

^.— If potassium chj-omate be dropped into a hydrochloric acid solution of 
stannous chloride there is immediate reduction of chromium with formation 
of a dirty brown precipitate. If stannous chloride be carefnlly added to potas- 
sium chroma te in excess, an abundant yellowish precipitate is obtained without 
much apimrent red net ion of the chromium. Potassium chromate added to 
Btannie chloride g-fves an abundance of bright yellow precipitate soluble in 
excess of ^CI^ , insoluble in H.O. soluble with ditfteulty in HCl* KXFiO, 
also grives a precipitate with SnCl. and SnOl^ (Leykauf, J.pr., 1840» 19> 127). 

L An ammoftiaml solution of silver niiraie is reduced to metallic silver 
by a solution of poiasmvm MaTtmie. The reagent (eilver nitrate solution 
one partj to aramoniuin bydroxide sLxteen parts) gerves m a delicate tei^t 
for the presence of 8n" in solution in XOK. The addition of KOH in 
excess to an unknown solution reraoves all h-eavy metals except ¥h , Sb , 
Sn , Al , Cr , and Zn ;, of theae tin only precipitates metallic silver from the 
fltronglj amnioniacal solution in the cold, Antimonous and arsenons 
compounds give the black precipitate of metallic silver if the solution be 
boiled, 

/, K solution of mercuric chloride^ HgCU ^ reacts with stannons 
chloride solution, forming SnCl^ and a precipitate of HgCl (white) or Hg"*, 
gray, depending upon the relative amoimts present (§58, 6/7). 

k. Stannous salts react with (l^R^)MoO^, gi^g a blue-colored 
solution of the lower oxides of moiybdenum, constituting a delicate test 
for Sn" (§75, Zg). 

7, Ignition.— Before the blow-plp«, on charcoal, with goditim carbonate, and 

more readily by addition of potaamum cyanide* tin is reduced to malleable 
lustrous globules— brought to view (if minute, under a magiiifler) by repeated 
trituration of the mass with water, and d ecu n tat ion of the lig^hter particles. 
A little of the white incrustation of stannic oxide i^ill collect on the charcoal 
near the maas, and* by persistence of the flame on the g-lobules, the same coat- 
lag forms upon them, liiis <^*>ating-, or oxide of tin, raoiKtt*ned with eolation of 
dobait nitrate^ and agtiin limited stronplv* becomes of a blne-i^reen colon SnO, 
fuaed with KCN givea mctQllic tin (Bloxain, J, C\, 1865, 18» &7), 
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8. Detection. — Tin is precipitated, from the solution acidulated with 
hydrochloric acid, in the second group by hydrosulphuric acid, as the sul- 
phide (Qe), By its solution in yellow ammonium sulphide it is separated 
from the Copper Group (Hg , Pb , Bi , Cu , and Cd). By the reaction in 
the Marsh apparatus the tin is reduced to the metal and is not dissolved 
as long as zinc is still present. The residue Sn (Zn , Sb , Au , and Pt) in 
the Marsh apparatus is warmed with hydrochloric acid, which dissolves 
the Sn as SnClj . This is detected by its reducing action on HgCl, , giving 
a white precipitate of HgCl or a gray one of Hg** (6;). 

A short test for the detection of tin in the stannous condition, or after 
its reduction to that condition, consists in treating the solution with an 
excess of cold EOH (separation of Pb, Sn, Sb, Al, Cr, and Zn, from 
all other heavy metals); and adding to this solution, filtered if necessar}^ 
a solution of AgNOs in a great excess of NH^OH (one part AgNO, to sixteen 
parts NH4OH). A brown-black precipitate of metallic silver indicates 
that tin was present in the stannous condition (6t). Consult also §90 
and §92. 

9. Estimation. — (/) GravimetricaHy. It is converted into SnO, , and after 
igrnition weigrhed. (2) VolumetricaHy. To SnCl, add KNaC^H^Oe and NaHCO, , 
then some starch solution and a graduated solution of iodine, until a pernia- 
nent blue coloration appears. (S) To SnCl, add sligrht excess of FeCl, , and 
determine the amount of FeClg formed, by a graduated solution of KMnO^ . 
(4) By electrolytic deposition from a solution of the double oxalate, rendered 
slightly acid with oxalic acid. 

10. Oxidation. — Metallic tin reduces solutions of Ag, Hg, Bi, Cu, Pt , 
and Au , to the metallic state. Sn" is oxidized to Sn^^ by free HNOj , 
HNOgS H3Fc(CN)e , H2SO3 and H^SO, (if hot), CI , HCIO , HCIO^ , HCIO., , 
Br , HBrO, , I ^ and HIO3 . Also by Pb" (in alkaline solution only), PV^ , 
Ag'S Hg', Hg", As^ As'" (in presence of HCl), Sb^ Mo^i, Bi'", Cu', 
Pd(N03)2 , Pt^v *, Fc'", Fc^i, Cr^^ Co'", Ni'", and Mn2+^ Chlorine, bromine 
and iodine act more vigorously in alkaline than in acid mixtures. The 
above mentioned metallic forms oxidize Sn" in both acid and alkaline 
mixtures. 

Stannous chloride is one of the most convenient and efficient of the 
ordinary discriminative deoxidizing agents for operations in the wet way. 
As stannic chloride is soluble in the solvents of stannous chloride no 
precipitate of tin is made by its reducing action; but many other metals 
are so precipitated by reduction to insoluble forms, and are thus identified 
in analysis, e. g., mercuric chloride is reduced from solution, first to white 
mercurous chloride, and then to gray mercury (detection of mercury); 
silver nitrate, to brown-black silver (detection of tin); all soluble com- 

» Kestner, A. Ch,, 1860, (3), 58, ill. « Ditte, A. C/i., 1882. (5), 27, 146. » Thomas, C. r., 1806, 122, 
1680. * Ditte, C. r., 1882, 94 , 11 U. 
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pounds of arsenic in strong HCl (detection of arsenic); bismuth salts, to 
metallic bismuth (in alkaline mixture §76, 6g); and ferric salts, to 
ferrous salts, left in solution, much used in volumetric analysis of iron 
(9, and §126, 6g and 9); auric chloride is reduced to the metal by stannous 
chloride, forming a colored precipitate varying from brown to reddish- 
brown or purple-red according to the amount of stannic chloride present. 
This finely divided precipitate of gold is called ^' Purple of Cassius '^ (Max 
Muller, J. pr., 1884, 30, 252). 

Solutions of Sn^ and Sn" are reduced to the metallic state by Cd , Al , 
Zn , and Mg . According to Rideal (C. N., 1885, 51, 292) 0.00003 grams 
of tin in solution may be detected as the metal by reduction, using the 
gold zinc wire couple. Stannic salts are reduced to stannous salts by 
metallic tin, copper Dr iron (Allen, /. C, 1872, 25, 274). 
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§73. Gold (Aiimm) Am = 19?,2, Valence one and three. 

1. Properties.— *9pfri7ri^ grariiy, 19,30 to 19.34 (Rose, Pogff,^ 1848, 75, 40a). MelU 
ing point, 10GL7* (Mejcock and Neville, J, C, 1B95, 67, 199), It is a yellow metal, 
that from difft^rent pai'ts of the world varying slightlj in color; the presence of 
very ssmjiU traces of other itietalis al&o atteets the color. It is softer than silver 
and harder than tin: posseeses but little elasticity or metallic ring'. It is the most 
malleable and ductile of all metals; one gram can be drawn into a wire 20U0 
metres long* The pre.-^enee of other metals diroinishes the ductility. It may bi* 
rolled into sheets 0.0001 mm. thick. At a very hig^h heat it vaporizea (Devillc 
and Debray, A. t'ft., 18:^9, (:i), 56, 4S9). It is a good contluctor uf electricity, 
equal to copper, not so good as silver. It has a high coetficient of expansion 
and cannot he moulded Into forms but must he stamped. On account of its 
softness, gold is seldom used absolutely pure* but is hardeued by being alloyed 
with othi^r metals, as Ag- * Cu . etc. 

2. OccuiTence.— Gold is usunlly found native, but never perfectly pure, being 
always alloyed with silver* and occasionally also with other metals. It Is fotmd 
as gold-dust in alluvial sand* Botnetimes in nuggets, and Boroetimee disseminated 
in veins of quarts^. 

3. Preparation. — (1) Washing, Which consists in treating the well-powdered 
ore with u stream of water, the heavy gold settling to the bottom, (i) Amalga- 
mation. Which consists in dissolving the gold in mercury and then separating' 
it from the latter by distillation, (.if) By fusing with metallic lead, which dis- 
solves the gold, the liquid allo^' settling to the bottom of the slag. The gold is 
afterward separated from the lead by cupel lat ion. The silver is separated from 
the gokl hy dissolving it in nitiic or sulphuric acid. Or the whole is dissolved 
in nitrobydrochloric acid, and the gold precipitated in the luetallie state by 
some reducing agent; ferrous sulpha te being usually employed. Another 
method is to pass chlorine into the melted alloy. The silver chloride rises to 
the Burfarc, while the chlorides of 2n , Bi , Sb , and As {if present) are vola- 
tilized, and the pure gold remains beneath. A layer of fused borax upon the 
surface prevents the fiUver chloride from volatilizing. (4) By treatment -wUh a 
solution of KCN , (5) By amalgamation with mercury and electrolysis at the 
same time. 

4« Oxides nnd Hydroxidea.— ^aroii» o.ri4^, Au^O , is very unstable, beating t& 
about S-'vO*" decomposes it into the metal and oxygen. The hydroxide is pre- 
pared by reducing the double bromide with SOa in ice-cold solution; heating to 
200" changes it to the oxide {KriisSt A., 1K8B, 237, 274), Auric fifttfroJ-Uh, 
Au(OH)i , is prepared by precipitation from the chloride solntion with MgO 
(Kriiss, ^c). It is a yellow to brown powder, changing to the oxide upon dry- 
ing at 100*^, Heating to S.'O'' gives the metal and oxygen, 

r*. Solubilities,— «. — Mettil. — Goid is not at all tarnished or in any way acted 
upon by water at any tempera turc» or hy hydrosulphuric acid. Neither nitric 
nor hydrt chloric acid attacks it under any conditions; but it is rapidly attacked 
by chlorine (as gas or in water solution), dissolving promptly in nitroJiydro* 
chloric acid, as fiiovV ehittritfr, AuCln ; by bromine, dissolving in bromine water, 
a» fturic bromide, AuBr»; and by iodine; dissolving when finely divided in hydri- 
odic acid bv aid of the air and jjolassiuiii iodide* as potdSMhtm auric iodide, 
KIAuI,; 4Au -f li^HI + 4KI -j- ;:0. = lKIAul;i -h OH,0 . Potassium cyanide 
solo ti oil, with nid of the air. dissolves precipitated gold as potassium ffwro- 
e^fi«Hf*!, KAulCN),; 4 An + hKCN + 0, + 2H,0 = 4KAii(CH), + 4K0H . 

Gold is separated, from its alloys with silver and base metals, by solution in 
nitric acid: the gold being left as a black -brown powder— together with 
plntintim nnd oxides of antimony and tin. When the gold-silver or gold -copper 
has not over 20 per cent gtdd, nitric acid of 20 per cent disintegrates the alloy, 
and etTects the separation; when the gold is over 25 per cent, silver or lend 
(three parts) must be added, by fusion, to the alloy before solution. (If gold- 
silver alloy contains tiO per cent or more of silver, it is silver color; If 30 per 
cent sliver, a light brass color; if 2 per cent silver, it is brass color.) 

If gold and other metals are obtained in solution by nitrabydrochloric acid, 
leaving most of the silver ad a residue, the noble metalft can be precipitated by 
zinc or ferrous sulphate, and the prcripitnte of gold, silver, etc.i treated with 
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nitric acid, which will now dissolve out any proportion of silver not less than 
15 per cent, to 85 per cent of ^old» and dissolve the baser metals. Concentrated 
sulphuric acid dissolves silver, and leaves gold. 

h. — The oxides and hydroxiden of gold are insoluble in water, soluble in acids. 
<?. — The salts of the oxyacids are not stable, being decomposed by hot water. 
Gold sulphide is insoluble in water or acids, except nitrohydrochloric aoid» 
soluble in alkali sulphides. Aurous salts are decomposed by water, forming 
Au® and Au'" . Auric chloride is deliquescent; both the chloride and bromide 
are readily soluble in water. The iodido in decomposed by water, forming 
aurous iodide. The double chlorides, bromides, iodides and cyanides are soluble 
in water. 

G. Eeactions. a. The fixed alkali hydroxides and carbonates in excess 
do not precipitate AuClg solutions, as a soluble aurate, EAuO^ , readily 
forms; but upon boiling and neutralizing the excess of alkali, Au(OH);, 
is precipitated. Ammonium hydroxide precipitates from concentrated 
solutions a reddish-yellow ammonium aurate, (NHs)2Au208 , " fulminating 
gold." b. Oxalic acid reduces gold chloride from solutions, slowly (nitric 
acid should be absent and the presence of ammonium oxalate is advan- 
tageous), but completely. The gold separates in metallic flakes or forms 
a mirror on the side of the test-tube. 2AUCI3 -f SIL^Cfi^ = 2An + 600^ 
+ 6HC1 . As platinum, palladium, and other second group metals are 
not reduced by oxalic acid, this method of removal of gold should be 
employed upon the original solution before the precipitation of the second 
group metals as sulphides. Potassium gold cyanide, KCN.Au(CN)3 , is 
formed when a neutral solution of AuClg is added to a hot saturated 
solution of KCN . It is very soluble in water and by heating above 200** 
it is decomposed into CN and ECN.AuCN , which latter product is formed 
when gold is dissolved in KCN in the presence of air (5a). c. A solution 
of AuClg is precipitated as Au° by a solution of KNO2 . d. Sodinm 
pyrophosphate forms with AuClg a double salt which has found application 
in gold plating, e. Hydrosulphuric acid precipitates from gold chloride 
solution, hot or cold, gold sidphide, variable from AUjS to AUjSj , brown, 
insoluble in acids, hot or cold, except in nitrohydrochloric acid, in which 
it readily dissolves; soluble in alkali sulphides to a thio-salt. Alkali 
sulphites precipitate gold chloride solution as double sulphite, i. e. 
Au,(S0,)a.(NH,)2S03.6NH3 -f 3H2O . Upon boiling the sulphite acts as 
a reducing agent, giving metallic gold. 

f. Potassium iodide, added in small portions to solution of auric chloride 
(so that the latter is constantly in excess where the two salts are in 
contact), and when equivalent proportions have been reached, gives a yel- 
low precipitate of aurous iodide, Aul , insoluble in water, soluble in large 
excess of the reagent; the precipitate accompanied with separation of free 
iodine, brown, which is quickly soluble in small excess of the reagent as a 
colored solution : AuClj -f 4KI = Aul -f 3KC1 + I2 with KI . But, on 
gradually adding auric chloride to solution of potassium iodide, so that the 
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Intter is in excess at the point of cheiTiinal change, there is first a dark- 
green f;olutioB of potaesio-aiiric iodide, EIAeI^ ; then a dark-green preeipi- 
tate of auric iodide, Aul^ , very unstable, decomposed in pure water, more 
qniekly hv boiling: t'hanged in the air to the yellow aurom iodide. 

g. Stannoua chloride gives a purple precipitate containing the oxides of 
tin with the gold, ** purple of Cassius ** insoluble in acids. 

L rerrons sulphate i^^ the mot^t coramon reagent for the detection of 
gold, reducing all goUl salts to the metallic state- AuCI^ -|- SFeSO^ — 
Au + Fe,(S0j3 + FeCl^, 

7» Ignition. ^ — Gold is rediicer] from many of its eompo\mt!s hy liglit, and from 
all of til em by heat — its aepnrHtioii in the dry way bfing- readily effteted by 
fusion with such reag-ente as will malx** the mntorial fusible. Verj small pru- 
portiona are colleeted in alloy with lead, by fusion: after w^hich the lead is 
vaporised in " cupellation " (|59, 7). 

8. Detection^' — In the dry way gold is detected by fnsion of the mineral 
matter with lead, to the formation of a ^^ button " which is then ignited 
to drive off the lead^ leaving the gold and silver behind m the metals. 
In the WQt way the material^ if not in solution, is rligested with nitro- 
hydrochloric acid which diii^sohes all the gold. The excess of acid is re- 
moved by evaporation and the gold is precipitated by oxalic acid or fcrrong 
enlphatej and identified by its color and insolubility in acids. If the 
gold be not removed from the original solution it is precipitated in 
Gronp II, by H^S , passes into Divisjon A (tin group) by (SHJ^S , and may 
be detected in the flask of the Marsh apparatus 1>y the us vial methods. 

9. Eatimatlon. — Gold is always weighed in the metallic state, to which form 
it 1!^ redueed: (/) Hy ignition alone if it in a salt ciintaining no iixed aeid; if in 
an ore, hy mixing with lead and fnston to an alloy, and final removal of the 
lead hy igrnition at a white heat in presence of air, (2) By adding to the solu- 
tion Boine rediu'inp- ajfent, usually FeSO^ , HjC^Oi , chloral hydrate, or Bovae 
eaeily oxidi/ed metal, such as Zn . Cd , or Mg- . (.?) Gold is also eathnated volu- 
metrically by HjCjO^ and the excess of H^CjO^ used, determined by HJCnO^ . 

10. Oxidation, — Gold ia reduced to the metallic etate by very many 
reducing agents, among which mav be mentioned the followinsrt Pb , A^ , 
Hg, H^/Sn, Sn", As, As'', AaH, , Sh , Sb", SbH, , Bi. Ca , Cu', 
Pd , Pt , Te . Fe . Fe", Al , Co , Hi , Cr'", Zn , Mg , H,aO, , HlfO, , P , 
HjPO^ , H^PO., , PH;, , H.SOj f and a great number of organic substances. 



§74. Platinttm, Pt = 194.9 , Valence two and fonr. 

1, ]^operties.— iSr/ifrf|fc gravity at 17,G*^ 21.48 (Beville at^d Dehray, T. r., ISBO, 
50, 103&). Melting point, 1775° fVioHe, V. n, 1979, 89, 702). Pure platinum is a 
tin-white metal, softer than silver, hardened b^* the presence of other im"tals» 
especially iridium, which it frequenlly eontains. It its eurpuased in duetility 
and malleabjjity only hy Am and Ag . Ftutinum hhiH- is the finely divided 
metal, a black powder, obtained by rediieing aa alkaline sohition nf the plntinoua 
part with oleohol (Low, B,, 1^90, 23, 2s!0* P^ftthium gponrjc, a gray spongy mass, 
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by ignition of the platinum ammonium double chloride; platinized asbestos 
(usually 10 per cent Pt), the metal in finely divided form deposited by reduction, 
from the salt upon asbestos. These finely divided forms of platinum have great 
power of condensation of gases, and by their presence alone bring about a num- 
ber of important chemical reactions (catalytic reaction); e.g., a current of 
hydrogen mixed with air ignites when passed over platinum blacki also 
hydrogen and chlorine unite. SO, unites with to form SO,; alcohol is oxi- 
dized to acetic acid, formic and oxalic acids to CO, , As'" to Asv , etc. 

2. Occurrence. — Found in nature only in the metallic state, generally alloyed 
with palladium, iridium, osmium, rhodium, ruthenium, etc. The Ural Moun- 
tains furnish the largest supply of platinum. 

3. Preparation.— Usually by the wet method. The finely divided ore is treated 
with nitrohydrochloric acid until the platinum is all dissolved. The filtrate is 
then treated with lime water to a slightly acid reaction; this removes the 
greater part of the Fe , Cu , Ir , Bh , and a portion of the Pd . The filtrate is 
now evaporated to dryness, ignited and washed with water and hydrochloric 
acid. This gives a commercial platinum which is melted with six times its 
weight of lead and the finely divided alloy digested with dilute HNO, , which 
dissolves out the Pb , Cu , Pd , and Rh . The black powder which remains is 
dissolved in nitrohydrochloric acid, the Pb remaining, removed with H3S0« , 
and the Pt precipitated with NH4CI . The precipitate contains a little rhodium, 
which is removed by gently igniting the mass with potassium and ammonium 
di-sulphate, and exhausting with water, which dissolves out the rhodium 
sulphate (§105, 7). In the laboratory the platinum residues are boiled with 
XOH or KjCOg and reduced with alcohol. The fine black powder is filtered, 
washed with water and hydrochloric acid and ignited. 

4. Oxides and Hydroxides. — Platinum forms two oxides, PtO and PtO, . 
Platinous hydroxide is formed by treating a dilute solution of platinous potas- 
sium chloride with NaOH and boiling (JcJrgensen, ./. ;)r., lvS77, (2), 16, 344). 
A black powder easily soluble in HCl or HBr , reduced by formic acid to Pt° , 
gentle heating changes it to the oxide PtO. Plaiimc hydroxide, Pt(OH)t , is 
formed by treating a solution of H.PtClo with Naa'CO, in excess, evaporating 
to dryness, washing with water and then with ncetic acid. It is a red-brown 

gowd'er, soluble in NaOH , HCl, HNO, , and H.SO*; insoluble in HCjH,0, . 
entle heating changes it to the oxide PtO- (Topsoe, B., 1870, 3, 4C2). 

5. Solubilities. — a— Metal. — Platinum is not afl'eoted by air or water, at any 
temperature; is not sensibly tarnished by hydrosulphuric acid gas or solution; 
and is not attacked at any temperature by nitric acid, hj'drocliloric acid or 
sulphuric acid, but dissolves in nitrohydrochloric acid (to platinic chloride) 
less readily than gold. h. — Oxides and hydroxides. — See 4. e.—iSalts. — Platinum 
forms two classes of salts (both haloid and oxy), platinous and platinic. The 
oxysalts are not stable. None of the platinous salts are permanently soluble in 
pure water. The chloride is soluble in dilute hydrochloric acid and the sul- 
phate in dilute sulphuric acid. Platinic chloride, PtCl* , and bromide, all the 
platinicyanides (as PbPt(CN)„), and the platinocyanides of the metals of the 
alkalis and alkaline earths (as KjPt(CN),), are soluble in water. The platinous 
and platinic nitrates are soluble in water, but easily decomposed by it, with the 
precipitation of basic salts. The larger number oif the metnllo-platinir chlorides 
or ** chloroplatinates " are soluble in water, including those with sodium 
[NanPtClfl or (NaCDaPtCl*], barium, strontium, magnesium, zinc, aluminum, 
copper; and those with jx)tassium, and ammonium, are sparingly soluble in 
water, and owe their analytical importance as complete precipitates to their 

; insolubility in alcohol. Of the metaUo-platinous chlorides (the **chloroplatinites") 
— those with sodium [Na2PtCl4], and barium, are soluble; zinc, j)otassium and 
ammonium, sparingly soluble; lead and silver, insoluble in water. Platinic 
sulphate, Pt(S04)2 , is soluble in water. 

6. Keactions. — a. — Platinous chloride, PtCl, , is precipitated by KOH as 
Pt(OH), , soluble in excess of the reagent to K.PtOj , pnta.'isium platinite, which 
solution is reduced by alcohol to "platinum black" (1). Platinic chloride, 
PtCl* , a brown-red solid, soluble in alcohol and water, forms with KOH or 
NH4OH , not too dilute, a yellow crystalline precipitate of an alkali (K or NH«) 
platinum chloride, e. <j., KaPtClo , sparingly soluble in water, soluble in excess 
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of the jilkalis and reprecipitated hy hytlrochloHc acid. K3CO1 and (NHJaCO, 
give the Kiim** precifntHte. insoluble in exeei*8 of the rt^ag-ent. A more complete 
precipitation of the K or HH^ is ohtnined by the nse of the chlorides. The 
sodium pifitinnm chloride. NajPtCl^, , is very s^oluble in water and is not formed 
by precipitation with sodium salts. &.— Oxalic acid does not red net* platinum 
salts (distinction from gfold). A solution of chloral hydrate precipitates pla- 
tinum from its solutions. Plat i nous and platinie salts form with cyanides a 
^eat number of double salts, r. — See .^r. r/.^-Hypophoaphorona acid reduces 
platinum salts to metallic platinum, Fhospliates do noi precipitate platinum 
salta. 

e. HydroBnlphiirio nckl prccipitateB Fnlutioup of the pInHnovs salts bm 
the black sulphide, PtS, insoUihle in acids^ spariBgly eolvible in water and 
in alkali sulphides; platinic ealts are precipitated as pktinic sulphide, 
PtS. , black; slowly soluble in alkali sulphides {Ribiuu C. r., 1877. 85, 283), 
insoluble in acids except nitrohydrochloric. Sulphur dioxide deeolors a 
golution of platinum chloride giving" a compound which does not reRpond 
to the usual reagenti? for platinum and requires lon^ boiling with HCl fo? 
the removal of the SO^ (Birnbaura, -4., 1S71, 159, 116), 

f. The chlorides of potassium and ammonium are estimated quantita- 
tively by precipitation from their concentrated (?olutiousi with a solution 
of platinic chloride. Potassium iodide colors a solution of platinum 
chloride brown-red and precipitates the black platinic iodide^ Ptl^ , excess 
of the KI forming K^Ptlg, brown, sparingly soluble (5f), g. StanEOUS 
<shlonde docs not precipitate the platinum from platinic chloride (distinc* 
tion from gold), but reduces it to platinous chloride, 

h ferrous sulphate solution on boiling with a platinum chloride solu- 
tion precipitates the platinum as the metalj the presence of acids hinders 
the reduction, 

7. Ignition. — All platinum compounds upon ignition are reduced to the 
metaL Owing to the high point of fusibility of the metal and to the 
difficulty with which it is attacked by most chemicals, platinum has 
an extended use in the chemical laboratory for evaporating dishes, cruci- 
bles, foil, wire, etc. In toe usb of platinum appahatus \tithout 

trNNECESSART INJUBY IT SHOtTLD BE REMEMBERED: 

(7) That free chlorine and hromine attack platinum at ordinary tem- 
peratures (forming platinic chloride, bromide); and free sfdphurf pkos^ 
pkorns^ arsenic, selenium^ and iodine^ attack ignited platinum (forming 
platinous sulphide, platinic phosphide, platinum-arsenic alloy, platinic 
eelenide, iodide). Hence, the fusion of sulphidee^ sulphates, and phos- 
phates, with reducing agents, is detrimental or fatal to platinum crucibles. 
The ignition of organic substances containing phosphates acts as free 
phosphorus, in a slight degree. 

The heating of ferric chloride, and the fusion of bromides, and iodideSi 
act to some extent on platinum. 
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(S) The alkali hydroxides (not their carbonates) and the alkaline earths, 
especially baryta and lithia, with ignited platinum in the air, gradually 
corrode platinum (by formation of platinites: 2Pt + 2BaO + 02 = 
SBaPtO, . Silver crucibles are recommended for fusion with alkali 
hydroxides. 

(S) All metah which may he reduced in the fusion — especially compounds 
of lead, bismuth, tin, and other metals easily reduced and melted — and all 
metallic compounds with reducing agents (including even alkalis and earths) 
form fusible alloys with ignited platinum. Mercury, lead, bismuth, tin, 
antimony, zinc, etc., are liable to be rapidly reduced, and immediately to 
melt away platium in contact with them. 

(jff) Silica with charcoal (by formation of silicide of platinum) corrodes 
ignited platinum, though very slowly. Therefore, platinum crucibles 
should not be supported on charcoal in the furnace, but in a bed of mag- 
nesia, in an outer crucible of clay. Over the flame, the best support is the 
triangle of platinimi wire. 

(5) The tarnish of the gas-flame increases far more rapidly upon the 
already tarnished surface of platinum — going on to corrosion and crack- 
ing. The surface should be kept polished— preferably by gentle rubbing 
with moist sea-sand (the grains of which are perfectly rounded, and do not 
scratch the metal). Platinum surfaces are also cleansed by fusing borax 
upon them, and by digestion with nitric acid. 

8. Detection. — Platinum is identified by the appearance of the reduced 
metal; by its insolubility in HCl or HNO., and solubility in HNO, + HCl ; 
and by its formation of precipitates with ammonium and potassium 
chlorides. It is separated from gold by boiling with oxalic acid and am- 
monium oxalate, which precipitate the gold, leaving the platinum in solu- 
tion. The filtrate from the gold should be evaporated, ignited, and the 
residue examined and after proving insolubility in HCl or HNOs , dissolved 
in nitrohydrochloric acid and the presence of platinum confirmed with 
NH4CI . If the gold and platinum have been precipitated in the second 
group with HoS and dissolved with (1^4)28, they may be separated from 
As , Sb , and Sn by dissolving the reprecipitated sulphides in HCl + ECIO3 , 
evaporating to remove the chlorine and boiling after adding EOH in ex- 
cess, with chloral hydrate, which precipitates the Au and Pt , leaving the 
As, Sb, and Sn in solution. The Au and Pt may then be dissolved in 
HNOs + HCl and separated as directed above. FeSO^ may be use to pre- 
cipitate Au and Pt , separating them from As , Sb , and Sn . 

9. Esttmation. — Platinum is invariably weighed in the metallic state. It is 
brought to this condition: (/) By simple ignition; {2) by precipitation as 
(NH4)jPtCU , KjPtCl. , or PtS, and ignition; {3) by reduction, using Zn , Mg , 
or FeS04 . 

10. Oxidation. — Solutions of platinum are reduced to the metallic state by the 
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lollowinK' metals: Pb ^ Ag . Hg , Sn (Sn" to Pt'' only). Bi , Cu , Cd * Zn , 
¥© , re" , Co . and I?i . VtTy many organic subetaiices reduci* platinum 
compounda to the metallic state. 



§76* Molybdenttm. Mo = 9G.0 . Valence two, threes iour and six. 

1, Properties. — Sfmnfie ffmritu, a, 56 (Lougblien, Auk S., 18G8, (^), 45, 131). 
Pure niolyhdeTiiJirii ^ippears not to hav<» been meltcnl: when heated to a very 
high heat in a graphite crucible it takes up carbon and mtdts. It is a silver- 
white, hard, brittle metal, not oxidized in the air or water at ordinary tem- 
pemtures. Upon heating hi the air it beeomeB brown, tliea blue, Jiiid ^finally 
burns to the white HoOa . Heated to a red heat in ctMitaet with steam, ft 
formii firist ii blue oxide^ then MoO;^ * 

2, Occurrence.— Not found native, but occurs ehiefly a^ molylxlenitc* MoS^; 
as an oxidti in molybdenum ochre, MoO»; and as wulfenite, PbMoO^ ♦ 

3, Preparatioti. — (1) By heating the oxide* sulphide or chloride in a current 
of oxv^en free hvdrojren (von der P ford ten, R, 18Si, 17, 7'i:3: Rollers and 
Mitchell, J. Am. *S'ir., 1900, 22» 350); (2) by heating with C aud Ha,CO,; {3} by 
heating MoO, with KCW (Loughllen, Lc). 

4, Oxides a ad Hydroiddea.— jl/*>?///^(i//H* hifdro^ide, MoO.xH.O , is formed when 
tnolybdous chloride or nitrate is precipitated with alkali hydroxides or carbon* 
ates, dark brow^u becoming blue in the air by oxidation. 1Io(OH)b ♦ black, 
turning red-brow^n by oxidation in the air, is formed by treat ih|r MoCl, with 
£0H; also by elect rolyais of ammonium molyhdute (Smith, B., 18S0, 13, 751), 
By heating the hydroxide in a vacuum Mo.O, is obtnined as a black mass, 
insoluble in ueids. MoO^ , a dark bluish mass, insoluble in ^DH or HCl , is 
formed by igniting a mixture of ammoniara molybdnte, potassium carbonate 
and boric acid, and exhausting the fused mass with water (Muthmanri, A.^ 1987, 
S338i iH), Molsfbdic anhudrid^ (acid), JIoO, , white, occurs in nature; it la 
obtained by the r^nition of the lower oxidized compounds in the air or in the 
presence of oxjdbing agents. 

5, Solubilities.— Molybdenum is readily soluble in nitric acid with oiddation 
to HoOf , evolving NO: in hot concentrated sulphuric acid, evolving BO^ , The 
various lower oxides of molybdenum are soluble in acids forming corresponding 
salts, not very stable, oxidizing on exposure, to moiybdic acid and molybdates; 
on the other band, reducing agents reduce molybdat«s to the lower forms of 
molybdenum salts, nearly all of which are colored brown to reddish brow^o or 
violet. The salts of molybdenum are nearly all soluble in water, Molybdic 
anhydride, MoOi , white, is Bparinglj' soluble in water and possesses basic 
properties tmvards stronger acids, dissolving in them to form salts. The 
chlorides and the sulphates are soluble in water (SehulzSellack, i?., 1871, 4, 14); 
the nitrates in dilute nitric acid. The anhydride MoO, combines with the 
alkalis to form moljbdates, soluble in water. Molybdates of the other metals 
are insoluble in wntcr. Solutions of the alkali molybdates are decomposed by 
acids forming, IfoO^ , w^hicb dissolves in excess of the acids. 

n, Beactlons. — o.— The dyad, triad and tetrad molyhdenum salts are precipi- 
tated by the aikall hydroxides atid carbonates, forming the corresponding 
hydroxides, insoluble ia excess of the preuipitant. These hydroxides oxidize 
in the air to a blue molybdeuurn molybdate. h. — A solution of a molybdate 
acidulated with hydrochloric acid gives no red color with KCN3 (distinction 
from Tn'**}; but if Zn be added, reduction to a lower oxide of molybdenum 
takes place and an intense red color is produced. Phosphoric acid does not 
destroy the color (difference from ferric thiocyanate). Upon shaking with 
ether the sulphocyanate is dissolved in the ether, transferring the red color 
to the ether la3'er. In molybdic acid solutions, acidulated with hydrochloric 
acid, potassiuni ferrocjaiiicie gives a reddish brown precipitate. An alkaline 
Bolution of molybdates is colored a deep red to brown by a solution of tannic 
acid, c— See 5. 
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d, — Tribasic phosphoric acid and its salts precipitate, from strong nitric 
acid solutions of ammonium molybdate,* somewhat slowly, more rapidly 
on warming, ammonium phospho'mohjbtlaie, yellow, of variable composition, 
soluble in ammonium hydroxide and other alkalis, sparingly soluble in 
excess of the phosphate. Hydrochloric acid may be used instead of nitric. 
The sodium phospho-molyhdate is soluble in water, and precipitates am- 
monium from its salts; also, it precipitates the alkaloids — for which reac- 
tion it has some importance as a reagent. f Arsenic acid and arsenates 
give the same reaction; ammonium arseno-molyhdate being formed {g), 

e, — Xeutral or alkaline solutions of molybdates are colored yellow to 
brown by hydrosulphuric acid but are not precipitated. From the acid 
solutions a small amount of the hydrogen sulphide gives no precipitate 
but colors the solution blue; with more hydrosulphuric acid the brown or 
red-brown precipitate, HoS., , molybdenum irisulphide, is obtained after 
some time. The precipitate is soluble in ammonium sulphide, better when 
hot and not too concentrated, as ammonium thiomolybdate, (NHJo^oS^ , 
from which acids precipitate the trisulphide (Berzelius, Pogg., 1826, 7, 
429), soluble in nitric acid, insoluble in boiling solution of oxalic acid 
(separation from stannic sulphide). 

If NajSjO, be added to a solution of ammonium molybdate. slightly acid, 
a blue precipitate and blue-colored solution is obtained. If the solution be 
more strongly acid, a red brown precipitate is obtained. An acid solution of a 
molybdate treated with hypophosiihorous and sulphurous acids gives an in- 
tense bluish green precipitate or color, depending upon the amount of molj'b- 
denum present. 

f. — Halogen compounds not important in analysis of molybdenum. 

ff. — Arsenic acid and arsenates form, with a nitric acid solution of ammonium 
molybdate, a yellow precipitate of ammonium arseno-molyhdate^ in appearance 
and reactions not to be distinguished from the ammonium phospho-molybdate; 
except the precipitation does not take place until the solutions are slightly 
warmed, while with phosphates the precipitation begins even in the cold. 
Stannous salts give with (NH4)2Mo04 a blue solution of the lower oxides of 
molybdenum (a delicate test for Sn") (LongstafP, C. A'., 1899, 79, 282). 

h, — Solutions of the alkali molybdates are soluble in water and precipitate 
solutions of nearly all other metallic salts, forming molj'bdates of the corre- 
sponding metals, insoluble in water, e,g.y K2M0O4 -f Ph(NOg)a = FbMoO^ 4" 
2KN0, . 

•The reagent ammonium molybdate, (NH^), M0O4, Is prepared by dlsBolving molybdlo acid« 
BIoO, (100 grams). In ammonium hydroxide (250 cc. sp. gr. 0.00 with 2.50 cc. water) ooolinff, and 
slowly pouring this solution into well cooled fairly concentrated nitric acid (750 ca sp. gp. 1.42 
with 750 cc. water) with constant stirring. 

^ Sodium P/io8p/io-mo?iyMat€— Sonnenschcin's reagent for acid solutionsof alkaloids— is pre- 
pared as follows : The yellow precipitate formed on mixing acid solutions of ammonium molyb- 
date and sodium phosphate— the ammonium phospho-molybdate— is well washed, suspended in 
vater, and heated with sodium carbonate until completely dissolve<l. The solution is evapor- 
ated to dryness, and the residue gently ignited till all amraonm is exiH?llod, sodium beinir sub- 
stituted for ammonium. If blackening occurs, from reduction of molybdenum, the residue is 
moistened with nitric acid, and heated again. It is then dissolved with water and nitric acid 
to strong acidulation : the solution being made ten parts to one part of residue. It must be 
kept from contact with vapor of ammonia, both during the preparation and when preserved 
for use. 
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7, Xg^itlon. — With microcosmJo f^nlt^ in the outer blow-pipe flame, all oom- 
pounds of mrjlyVHieiiiim give a bead which is greenish while hot» aJid color iesB 
un cooling: in th*^ in nor tlame, a eleiir green bead. With borax, in the outer 
flame, a head, yt-^llow while hot, and eolorJesa on cooling: in the Intier flame, a 
hrowii bead, opaque If strongly aatnrated (molybdoU!? oxide). On charcoal, 
in the outer flame, molybdic anhydride is -vaporized as n white incrustation; in 
the inner flame (better with sodium carbonate), metallic molybdenum is 
obtained ns a gray powder, separatetl from the mass by lixiviation. Dry molyb- 
dales, heated on platinum foil with coneent rated milphuric ncid to vaporiza- 
tion of the latter form, on cooling in the air, a bltie masis. 

8> Betection, — In the ordinary process of analysis, molylxlonTim appears 
in Division A (tin group) of the second gxoap with Aa , Sb , Bn ^ Au , and 
K . The solution remaining in the Marsh apparatus is decanted from 
the residue (Sn , Sb , An , Pt and excels of Za) and heated with concen- 
trated KNO^ , the molybdenum is oxidized to molybdic acid. This sohitionj 
evaporated to dryncsSj diesolved in ammonium hydroxide and poured into 
moderately concentrated HCl forms a solution of ammonium molybdate 
which may be identified by the many precipitation and reduction testri 
(6 b, Cf d^ e, t, etc,,* T, and 9), If the molybdenum be present as a molybdate 
it may be precipitated from its nitric acid solution by Na^HPO^ , washed, 
dissolved in ammonium hydroxide, the phosphate removed by magnesia 
mixture (§189, Ga), and the filtrate evaporated to crystaUizatlon (Maschke, 
Z.y 1873, 12, 380), The crystals may be tested by the various reduction 
tests for molybdenum. 

9, Zstimation--^(/) Molybdic anhydride and ammonium molybdate may be 
reduced to the dioxide by heating in a current of h^^drog^en pas. The heat 
must not be permitted to rise above dull redness. Or the temperature mnt/ 
rise to a white heat, which reduces it to the metallic state, in which form it is 
weigfhed. (2} Lead acetate is added to the alkali molybdate* the precipitate 
washed in hot water, and after iiernitjon weighed as PbMoO, . (S) Volumet- 
ricoUy. The molybdic acid is treated with ztuQ and HCl , which converts It into 
ICoClt * ThJF is converted into molybdic acid again by standard solution of 
pot a 8 si u m i j e rm *i ti ga n a i c , 

in. Oxidation.— 'Reducing ag^ents convert molybdic acid either into the hhte 
intermediate oxides, or, by further deoxidatlon» into the btftck molybdons oxide, 
MoO . In the (hydrochloric) ETcid Bolutions of molybdic aeid, the blue or black 
■oxide formed by reduction* will be held in solution with a blue or brown color, 
?vitric acidulation is, of course* incompatible with the reduction. Certain 
reducing a gent a act as follows: 

Ferrous Balta (in the hydrochloric acid aohition) give the hhte oxide aoltjtlon. 
Cane sugar, in the feebly acid boiling- solution, forms the blue color — eeen 
better after dilution: a delicate test. Stannous chloride forms first the hhn\ 
then the brttirn, nr the tfreanish brown to hlack*bro%vn, solution of both the 
intermediate oxide and the molybdous oxide. Zinc, with HCl or H.SO^ , gives 
the hJuf, then green, then hrotm color, by progressive reduction. Formic and 
oxalic neids do not react, A iolution of 1 miUigram of sodium (or ammonium) 
molybdate in 1 cc. of concentrated sulphurio acid (about 1 part to 1840 parts) is 
in use as Frcehde*^ Reagent for alkaloids. The molyhdennm in this solution, 
which must be freshly prepared for use each time, is reduced by verj- many 
organic substances: and with a larg-e number of alkaloids, it gives distinctive 
colors, blue, red, brown and yellow. 
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The Copper Gkoup (Second Geo tip, Division^ B). 

Mercury (Mercnricmm), Lead, Biamuth, Copper, Cadmium (Kutheaium, 
Rtodiura* Palladium^ Ogmiuiii). 

§76. Bismuth, Bi = 208 J . Valence three and Eve. 

1, Properties,— ^S'/w-n/f^' f/mrff|/, 9,7474 (Classen, /J„ 18!K). 23, 938); m^lflnff pointy 
269.22 (Cnlle;iilijr unci Grimths, C, N,, iSfH, 63, 2); it vaporizes at 1700° imd the 
density' of the vapor shows that tht* molecule Bl has begun to dissociate (Biltz 
and V. Meyer, B., mm, 22, 725), It Is a hard, brittle, reddish-white, lustrous 
metal: formingr beautiful rhombcihaedral erysials when a partially cooled mass 
Is broken into and the still molten mass decantetl. Alloys of bismuth with 
other metals j^-ive compounds of remarkably low melting points, e, |?,, an alloy 
of: Bl tw^o* Sn one, and Pb *>ne part by weiR-Ut meltH at 9:1.7*'; and an alloy of: 
Bi fifteen, Pb eig'ht, Sn four, and Cd three parts by weig-ht luelts at GS* 
" WooiFk Metal." 

2, Occurrence.— It is a. comparatively rare metal, not very widely distributed, 
usually found native. It is found in greatest quantities in Saxony; also foiiiKl 
in Bohemia, Prance, England and South Ainenca, As in inera logical varieties 
it occurs aa bismuth ochre (BijOj), bismuthite (4B1^0,.3COj,4H,Oj, bismutli 
glance (Bl,SJ, etc. 

3* Preparation*— The rock containing' bismuth, usually with large amounts 
of cobalt, etc., is roasted to remove sulphur and arsenic, which is nearly 
always present. The mass is then fused with charcoal. The molten bismuth 
aettlea to the bottom below the layer of cobalt. The cobalt becomes solid 
while the bismuth is still molten, and the two are separated mechaiiically. 
The metal is further purified by melting with ENO, or KCIf , 

4, OnideB.— Bismuth ttioH&r, BiiOi , is formed by heating the metal in the 
presence of air, or by igniting the hydroxide; it is a pale citron-yellow powder. 
The hydroxide, Bl(OS)i , white, is formed by precipitating a solution of a salt 
of bismuth with an alkali hytJroxide, If bismuth chloride is used the hydroxide 
formed always contains some oxy chloride, BiOCl (Strohmeyer, /*o|/f/,, 1833, 26. 
549). The meta hydroxide, BiO(OH) , is formed upon drying'the orthohydroxide 
at 100'* (Arppe, Potjp.^ JS45, 64, 2.11). Hhiiiuih peiitfixiiie, 31,0,, is formed by 
igniting Bl(OH)p with excess of KOH or NaOH in presence of the air, and 
washing the cooled mass rc]>eatfdly with cold dilute nitric acid (Strohmeyer. 
Le,); or by treating Bi(OHj, with three per cent H.O^ in strong alkaline solu- 
tion (Haae brock, B„ 1887, 20, 213). It is a heavy dark brown powder. At 150* 
it gives off O. and at the temperature of boiling mercury becomes Bl.O, . It 
is decom posed in the cold by HCl with evolution of chlorine* Biitmitth^r ^Hd. 
HBiOt , or more probably BiiOj.H,0 , is formed upon conduct i tig a rapid 
current of chlorine into Bi(OH)ft suspended in concentrated KOH solution. 
It is a beautiful scarlet red powder which at 120* gives olT its water, becoming 
Bi,0, (Muir, /. C, 1S76, 20, 144; Mujr and Carnegie, J, C 1887, 51, 85), It is 
doubtful if any alkali salt of bbmuthic acid exists, although mixtures of KBIO^ 
and HBIO, are claimed by Hoffmann f/1.. 1HS4, 223, 110), and Andr^ (C. r„ l!^l*l, 
113, 860). The so-called' &(*mwf ft fHroxide, BLO* . ia probably a mixture of the 
trioxide and penfoxide. 

5, Solubmties>—«.—,Vdnr,— Metallic biKmufh is insoluble in hydroehlorie 
acid *: soluble in warm concentrated sulphuric acid with evolution of sulphur 
dioxide; readily aohible in nitric acid and in nitrohydrochlnrie acid. It burns 
in chlorine with production of light: it combines with bromine, bnt more slowly 
than antimony: it combines readily upon fusing together with I , S , Se , Te , 
Aa , and Sb , besides the many metals with which it combines to form com- 



* A tTBoo of btBiHuth can always tw foand Jn solution when the metsl Is boiled with hydm- 
chloric aclrj, l>ut tio moro than wb«a the metal haa been boiled wJtb pure water fDltte and 
Mctzncr, A, Ch., IPM, G), a«, 38S>), 
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nxercial alloys (1). Tht* halogen tlerivnlixes of pentad bismuth are not known 
{Muir, J. a» 1B75, 29, 144K b—fUifkn fuid ////r/rfi.m/e#.— Bismuth oxide, Bi.Oj , 
and the hydroxides. BliOHjj tiiMl BiO(OH), are snluble in h.vdrochlorie, nitric 
and sulphuric acids; jii&oluble in water and th(^ alkali h ydroxidefi or carhonntes. 
The prt^senci? of glycerol prevents the precipitation of bismnth hydroKides 
from solutions of its salis^ by the alkalis.* Bismuth pentaxide, BLO, , js asolu- 
liie in HCl , HBt , and HI whh evolution of the eorrespotulinfr halogen and 
formation of the triad salt, XitrJc and ¥;u1phurie acids in the cold have but 
little or no action: when hot the triad bismuth salt is formed with evolution 
of oxygen, 

€. — Salts, — Most of the salts of bismuth are insoluble in water* The: 
chloride, bromide, iodide, nitrate, and sulphate are soluble in water acidu- 
lated with their respective acid, or with other acids! forming ** soluble'' 
bismuth salts. Pure water decomposes the most of the ^olutious of bis- 
muth salts forming corresponding oxy-salts {§70^ Bd footnote)* 

The chloride, bromide and sulphate are deliquescent. 

d. — Water. — A solution of bismuth chloride in water acidulated with 
hydrochloric acid is precipitated on further dilution with water, bismuth 
oxy-chloride, BiOCl being formed; e. g., BiClj + H.O = BiOCl + ^HCl, 
insoluble in tartaric acid (distinction from antimony, §70, 5d). The hydro- 
chloric acid set free serves to hold a portion of the bismuth in solution. 
The presence of acetic, citric, and other organic acidg prevents the pre- 
cipitation of solutions of bismuth salts upon further dilution with water. 
The washing of the precipitated oxy-salt with pure water removes more of 
the acid forming a salt still more basic. 

BICNO,), + H,0 = B10N0, + 2HN0. 
12BiONO. -f H,0 = GBL0.,51T,0, + 2HN0. 

This is prevented by the presence of one part ammonium nitrate to five 
hundred parts water (Lowe, J. pr,, 1858, 74, 341). 

Bismuth nitrate ciy^stallizes with ten molecules of water, Bi(K03)3, 
lOH^O . It is decomposed hy a small amount of water forming the basic 
nitrate, BiOFO^ ; this is soluble in dilute nitric acid, when further dilution 
with water to any extent is possible w^ithout precipitation of the basic 
salt, but a drop of h3Tlrochloric acid or a chloride causes a precipitate of 
the oxychloride in the diluted solution. Tlie bromide is readily decom- 
posed by water to BiOBr ; Ibc iodide is stable to cold water, but is decom* 
posed by hot water to BiOI (Schneider, A, CL, 1857 (3), 50, 488); the 
normal sulphate very readily absorbs water to form Bia(S04)3.3HyO , which 
m decomposed by more water to Bi.O.,.SO., . 

6, BeactioiLS< a. — The alkali hydroxides precipitate from solutions of 
bismuth salts hlsviuiM hydroxide, Bi(OH)^ , ^^hite; insoluble in excess of 
the fixed alkalis (distinction from Sb and Sn), insoluble in ammonium 



•Lowe iC. JTm lS8e< 411,29ft) dlaaolveg the byapoxWea of oojjpor and hlirauth In g-lycepol, &ddtt 
glu«jOil» ind w^ntly wartna. The copper la completely proclpltated and gepuateHl from the r>lfl- 
mtitlL tTpoQ boiUnir the filtrate for somo tlmu the blsmutli 1b oompietelijr preeJi>«tat(M| ita the 
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hydroxide (distinction from Cu and Cd). The hydroxide is converted by- 
boiling into the oxide, Bifi^ , yellowish white. The precipitation is pre- 
vented by the presence of tartaric acid, citric acid, glycerol, and certain 
other organic substances (Kohler, J. C, 1886, 60, 428). 

The alkali carbonates precipitate basic bismuth carbonate, BiaOt.CO, , white, 
insoluble in excess of the reagent. Freshly precipitated barium carbonate 
forms the same precipitate without heating*. 

6. — Oxalic acid and soluble oxalates precipitate bismuth oxalate, "BUiCfi^), , 
white, soluble in moderately dilute acids. Potassium cyanide forms a white 
crystalline precipitate insoluble in excess of the reagent but soluble in nitric 
or hydrochloric acid. Potassium ferrocyanide forms a yellowish white pre- 
cipitate, potassium ferrlcyanide a brownish yellow, both soluble in hydrochloric 
acid. 

c. — The action of nitric acid upon bismuth and its salts is fully explained 
under (5). d. — Metallic bismuth is precipitated when bismuth salts are warmed 
with hypophosphorous acid (separation from Zn and Cd) (Muthmann and 
Mawron, Z., 1874, 13, 209). From solutions of bismuth nitrate (5d) phosphoric 
acid and soluble phosphates precipitate bismuth phosphate, BiP04 , white, 
readily soluble in HCl; from solutions of the chloride, diluted as much as pos- 
sible without precipitation, phosphoric acid gives no precipitate, but the pre- 
cipitate of the phosphate (soluble in HCl) is obtained with soluble phosphates. 

e, — HydroBulphuric acid and sulphides precipitate bismuth sulphide^ 
BigSg , black, insoluble in dilute acids and in alkali hydroxides; insoluble in 
alkali sulphides (distinction from the metals of the tin group) and in alkali 
cyanides (distinction from copper). It is soluble by moderately concen- 
trated nitric acid (distinction from mercury), the sulphur mostly remain- 
ing free. 

Sodium thiosulphate when warmed with solutions of bismuth salts precipitates 
bismuth sulphide. Sulphuric acid does not precipitate solutions of bismuth 
chloride or nitrate. Potassium sulphate gives a precipitate with solutions of 
both, that with the chloride being apparently caused by the dilution of the 
solution. 

/. — Hydrochloric acid and soluble chlorides form a precipitate of bis- 
muth oxy-chloride, BiOCl , in solutions of bismuth nitrate not containing 
too much free nitric acid. This makes it possible for bismuth to be precipi- 
tated with the silver group salts (§63, 66). The precipitate is readily 
dissolved on addition of more hydrochloric or nitric acid (distinction from 
the silver group chlorides). 

Hydrobromic acid and soluble bromides do not precipitate solutions of bis- 
muth chloride, but do precipitate solutions of the nitrate, forming the oxy- 
bromide, BiOBr , white. The presence of potassium bromide prevents the pre- 
cipitation of a bismuth chloride solution by water and also dissolves the oxy- 
chloride which has been precipitated by the addition of water. 

Hydriodic acid and soluble iodides precipitate from solutions of bismuth 
salts, unless strongly acid, bismuth iodide, black or brownish gray crystals, 
quite readily soluble in excess of the reagent * or in strong HCl without warm- 

• Bismuth Iodide dissolves in solution of potassium iodide with an intense yellow color, deli- 
cate to one-millionth (Stone J. Soc. Chcm. 7ml., 1887, 6,416). The potassium iodide solution of 
bismuth iodide is used as Dragrendorff's rcagrent to detect the presence of an alkaloid. Leger 
(BI„ 1888, 50, 91) uses cinchonine and potassium iodide to prove the presence of bismuth. Del- 
icate to one-five himdred thousandth. Other metals must be removed. 
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lug. Tt is reprecipitated on cinutinir the solution with water. Bisintith iotlrde 
is scaroelj^ at all decamposi*(l by waHlirii^ with colrl water, but on boiling with 
water it ia decompOJsed hito bismuth oxy-iodidv, BiOl . red, in&oluble in Kl , 
soluble jti HCl , and in HI (Gott and >Juir, J, C 18S8, 53, 137), 

Chloric acid rlissolves bismuth hydroxide* but the eompound decomposes upon 
eTaporation (Waehter. A., lH-t4, 52. S:i3). Potassium bromate and iodate both 
preeipitate solutions of biaouith nitrate. The lodate formed is scarcely Koluhle, 
the br ornate easily soluble in HKOj . 

g. — ^Potassimn or Bodiuni staimite lint, wlien added in excess to bismuth 
soliitioDB, uauBe a black precipitate, from reduction to metallic bismuthj a 
very delicate reactioo.* The stanBite is madej when waoted^ hy adding 
to a *itannou9 chloride solution^ iu a test-tube, enough sodium or potas- 
sium hydroxide to rediesolve the precipitate at first formed: ^BiClj, + 
SK^SnO., + I5K0H = 2Bi + OKCl + 3K,SnO,^ + 3H.0 (Vanijio and Treu- 
bert.J?,, 1898,31, 1113). 

A.— Soliitions of bismuth salts, nearly neutral, poured into a hot solution of 
potassium bichromate precipitates the orange red chromate, (BiO),Cr^Or; but 
if poured into a cold solution of the nt^utral chromate a citron -yellow precipi- 
tiite, .iBijOiZ-JOrOj , is formed. These preci}jitati^s are soluble in moderately 
concentrated aciils, insoluble in fixL*d alkalis (distinction frum Pb), The pre- 
cipitate with KjCr^O^ is used in the quantitative determination of bismuth {}}}, 

7. Ignition.— On chareoal, with sodium carbonate, before the blow-pipe, bis- 
muth IS readily reduced from all its compounds. The itlofwlv ia easily fusible, 
brittle ( distinct ion from lead), and yrradually oxidi/able under the flame, form- 
inff an liKYUStafUm (B1^0|), oran|p^e-yeUo\v while hot, lemon-yellow when cold* 
the edges bluish-white when cold. The incrustattou disappears, or is driven 
by the reducing^ flame, without g^ivinsr color to the outer flame. With borax 
or microeo^mie salt, bismuth g-ives* beads, faintly yellowish when hot, colorless 
when cold, 

A mixture of equal parts cuprous iodide and sulphur forms nn excellent 
reagient for the detection of bismuth in tninerals by the use of the blow -pipe. 
The reagent mixed with the unknown iis fused on charcoal or on a piece of 
aluminum sheet, A red sublimate indicates bismuth. Mercury gives a mix- 
ture of red and yellow sublimates (Hut chinas, i\ A',, 1877, 30, 249). 

Bismuth chloride may be sublimed at the temperature of boiling sulphur; 
reoommended as a separation from lead (Remmler, B„ ISUl, 24, 3654), 

8, Detection. — ^Bismuth is precipitated from its eolutions by H^S form- 
ing Bi^Ss, By its insolubility in (1^4)^8, and solubility in hot dilute 
HNO.^ it is separated with Pb , Cu , and Cd from the remaining mctalsi 
of the tin and copper group. Dilute H^SO^ removes the lead and 
ITH4OH precipitates the bi^mutli as Bi(0H)3 , leaving the Cn and Cd in 
solution. The presence of the bismuth k confirmed by the action of a 
hot solution of K.SnOj on the white precipitate of Bi(OH)^ , giving metal lie 
bismuth (Of/) or hy dissolving the BifOE)^ in HCl and its precipitation as 
BiOCl upon dilution with water (5rf). 

U. Estimation.— (/) Ae metallic bismuth forined hy fusion with potassium 
cyanide, (i) Ak B1;0, formed by iR-niticm of bismuth salts of orjeranic acids, or 
of the salts of volatile iuorganie oxyacids. (J) IJy precipitation by H^S , aud 

* Fur a modlflcatioii nf this tost jicc Mulr {J* a, IRTT, S3, iS), 
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after dryings at 100^. \vei>hin^ ns Bi^Sji . fj) By precipitntion by E^OrsO, , and 
after drying nt 120°^ wpjf^^hini^ hb (Bl())2Cr-0r * (JJ \ fihtmcfrh^tflif, Hy precipi- 
tation with S^Cr^OT . Dissolve th** chromnte hi dilute aeid, trnnsfer to an 
azotometer and rrdiice the ehronmte with hydrogen peroxide (llauniann* Z, 
anf/f-w., 1891, 331). (U) By precipitation an a pho.sphnte with standard sodium 
phosphate: dilntion to definite volume and fli»termi nation of the exeess of 
phossphate in an aliquot part with uranium acetate (iluir, J. C 1877, 32, 674), 

10, Oxidation.— MutaUic bismuth reduces Baits of Hg, Ag , Pt, and 
An to the metallic slate. Bismuth m precipitated as free metal from its 
eolutions by Pb , Sn , Cu , Cd , Fe , Al , Zn , Mg , and HH.PO, (Grf). AH 
salts of bismuth are oxidized to Bi^O^ by CI or H^0;> in s^itrong alkaline 
mixture (Hasebrock, B., 1887, 20, 213; Schilf, .4, Ck, 1S61 (3)i 63, 474). 
All compounds of bismuth are reduced to the metal by potassium stannite 
E^SnO^ (G<7). Bismuth chloride or bromide Iieated in a current of hydro- 
gen is partially reduced to the free metal (Muir, J, C, 1876, 29» 144), 
It is precipitated as free metal upon warming in alkaline mixture with 
grape sugar (56), 



§77* Copper (Cuprum) Ca — 63,6 , Valence one and two. 

1, Properties, — Jf^prcifir f/i*f/rff/;, electrolytic, 8,914: melted, 8,921; natural crys- 
tals, SAI4; rolled and hammered sheet, h".952 to 8.958 {Marehand and Scheerer, 
J, pr,, Ism, ©7, 193), XteUing pmni. wm.:^ (Ht\Vcock and Neville, 4. C\, 18&5, 07, 
l&O), A red metal, hut thin sheets* transmit a p^reenish-blue Hg-ht, and it also 
shows the same gre(*nish-hlut* tint when in a inojten condition. Of the metals 
in ordinary use, only gold and silver exceed it in malleability. In dtictilitj it 
is inferior to iron and cannot be so readily drawn into exceedinglj' fine "wire, 
Althouj^h it ranks next to iron in tenacity, its wire bears about half the weig-ht 
which an iron wire of the same size would snpport. As a conductor of heat it 
is KiTrpasf^ett only by ^oht Next to silver it i» the best conductor of elect rieitj'. 
Dry air has no action upon it: in moist air it becomes coated with a film of 
oxide which protect h it from further action of air or of water. It forms a 
number of very important allciys with other metals: bronze (copper and tin), 
brass ^copper and zinc with i^ometimes small amounts of lead or tin), Geriuan 
silver (copper, nickel and zinc), 

2, Oecurreaee,— Copper is found native in varioiie parts of the world, and 
especiall^^ in the re^on of Ljike Superior. It is found chiefly as sulphides in 
«normou» quant it jcs in Montana, Colorado, Chili and Spain; as a earl ion ate in 
Arizona, It is very widely distributed and occurs in various other forms. 
Copper pyrites m GuFeS,; copper p-lance. Cu.S; green malachite, COa(0H)jC0t; 
bine malachite, Cu*(OH)s(CO|)a: red copper ore, Cu.O; and tenorite, CuO . 

3, Prep aratioii,— For the details of the various methods of copper-Bra el ting 
and refining", the works on mctallurgry should be consulted. In the laboratory 
pure copper may be produced (1) hy electrolysis; {2) reduction by igruition !n 
hydroj^en |?as: {S) reduction of tlie oxide hj ippnition with carbon, carbon 
monoxide, illuminating gnsk, or other forms of carbon: (f) rc^diiction of the 
oxide by K or Na at a temperature a little above the melting" point of 1hese 
metals; (.7) rcdiiction iiy fiision with potassium cyanide: CuO + KCN =: Cu -(- 
XGNO , For its reduction in thp wet way, see 10, 

4, Oxides and Hrdroxtdes, — Ctipron» oj^idc (Cu,0), red, is found native; it ia 
prepared: (1) by reducing- CuO by meatus of g"rapc-sug-ar in alkaline mixture; 
(2) by igTiitingr CuO with metallic copi:»er: (3) hv treatinj? an ammoniacal cnpric 
solution with metallic copper; then additt|? KOH and dryini?, CttproHS hifdntiP' 
ific, CnOH , brownish yellow, is formed bv precipjtatinp cuprous salts with 
KOH or NaOH , Cupric Oitidc, CuO , black, Is formed by ignitinfr the hydroxide, 
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carbonate, siilplifite, nitrate and Rome other cupric salts in the air: or by 
heating the metal m a enrr^nt of air. Cnjivir hydrtiirute, CufOH), , is formed 
by preeipitflting ciiprie salts with KOH i>r NaOH . It itj siiitt^d by llose {Poifff.t 
1 S r>:i , 1 20 , 1 ) that fel ra m fi rw m mt o rhfr, ( Cu , O , is f o rin ed by t re a 1 1 n g- a e u p rie 
fialt with KOH and a quantity of K,SnOi insufhcient to reduce it to the metallic 
state* A pvroaidf of eoppt-r. CuO. , is fs apposed to be formed by treating- 
Cia(OH), with H,0. at 0"* (Kriiss, IL, 1^»4> 17. 25f>:i), 

5. Solubilities. — a, — Metui. — Copper does not readily dlBsolve in aeitis with 
evolution of hvdrogen: it rliasolves most read; I v in nitric acid chiefly with 
evolution of nitric oxidc^ 3Cu -f- 8HN0, = nCu{NO,)- + 4H,0 -\- 2N0 {Freer 
and HiEfley, Am., iJ^ilO, J2l> 377); also iu hot concent raU^d siiIphuHc aeid, with 
evobitioii of snlphnroiis anhydride: Cu -h SH^SOi = CuSO« + 2H,0 -\- SO. . If 
^ry hydrochloric neid p-as be pa^i^ed over heated eopper, GtiGl is farmed with 
evolntion of hydrof^en (Weltzien, A. Ch., 1SG5, (4). 6, 4B7). A saturated solution 
of hydroehloric acid at l^° dissolves copper ub GiiGl with evolution of hydro^ren. 
The action is very rapid if the eopper be first immersed in n platimiiD chloride 
solution. Heat favors the reaction and the presenee uf laH.O to one HCl pre- 
vents the action (En gel, C, r,, 1&95, 101, 528). Hydro bromie acid concentrated 
acts felowly in the cold and rapidly when warmed\ forminfT CuBr, . with evoln- 
tion of hydrogen. Cold hydriodic acid, in absence of iodine, is without action 
(Mensel. 7J., 1^^70» 3, 12:^). " Ammonium sulphide, (NH,),S , colorless, acts upon 
capper turnings with evolution of hji-drog-en, formini: Cu^S {Heumann, J. 0*, 
1873, 26, 1105). 

6* — Oxides. — Cuprous axide and hydroxide arc \nm\uhle in water, eoluble 
in hydrochloric acid with formation of cuprous chloride, whitti, unstable, 
readily oxidized by tlie air to colored cuprie i^altp. Caprie oxides black, 
and hydroxide, blue, are insoluble in water, .soluble in dilute acids; in a 
mixture of equal parts glycerine and sodium hydroxide, sp. gr, 1<20 (sepa- 
ration from Cd) (Donatb, J, C, 1879, 38, 178), in a mixture of tartrates 
and fixed alkalis (but precipitated as CuJQ by heating with glucose) (sepa- 
ration from Cd and Zn) (Warren, C, N., 1891, 83, 193); insoluble in 
ammonium hydroxide in absence of ammonium salts (Maumene, J. C*, 
1SS2, 42, 1^G6). 

f. — Salts. — ^All salts of eopper, except the gulpbidee, are ftoluhle in am- 
monium hydroxide. All cuprous salts are insoluble in water, soluble in 
hydrochloric acid and reprecipitatcd upon addition of waten They are 
readily oxidized to cuprie Baits on exposure to moist air. Cuprous chloride 
and bromide are soluble in ammonium chloride solution (Mohr, J. C*j 
18T4, 27, 1099). Cuprie salts, in crystals or solution, have a green or 
blue color; the chloride {3 aq.) in solution is emerald-green when concen- 
trated, light blue when dilute; the sulphate (5 aq,) is '^blue vitriol/' 
Anhydrouf^ cuprie salts are white. The crystallized chloride and chlorate 
are deliquesceEt; the sulphate, permanent; the acetate, efflorescent. 
Cuprie basic carbonate, oxalate, phosphate, borate, arsenite, sulphide, 
cyanide, ferrocyanidc, ferricyanide, and tartrate are insoluble in water. 
The ammonio saltsj the potassium and sodium cyanides, and the potassium 
and sodium tartrate, are soluble in water. In alcohol the sulphate and 
acetate are insoluble; the chloride and nitrate^ soluble. Ether dissolves 
the chloride* 
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6. B^actions. — a. — Fixed alkali hydroxides precipitate acid solutions of 
cuprous chloride, first as the white cuprous chloride, changing with more of 
the alkali to the yellow cuprous hydroxide, insoluble in excess. AxEunoniuxxL 
hydroxide and carbonate precipitate and redissolve the hydroxide to a color- 
less solution, which turns blue on exposure. The colorless ammoniacal solution 
is precipitated by potassium hydroxide. Fixed alkali carbonates precipitate 
the yellow cuprous carbonate, CUsCO, . 

Fixed alkalis — ^KOH — added to saturation in solutions of cupric salts, 
precipitate cupric hydroxide, Cn(0H)2 , deep blue, insoluble in excess unless 
concentrated (Loew, Z., 1870, 9, 463), soluble in ammonium hydroxide (if 
too much fixed alkali is not present), very soluble in acids, and changed, 
by standing, to the black compound, Cu302(0H)o; by boiling, to CuO . 
If tartaric acid, citric acid, grape-sugar, milk-sugar, or certain other 
organic substances are present, the precipitate either does not form at all, 
or redissolves in excess of the fixed alkali to a blue solution. The alkaline 
tartrate solution may be boiled without change; in presence of glucose, 
the application of heat causes the precipitation of the yellow cuprous 
oxide. Alkali hydroxides, short of saturation, form insoluble basic salts, 
of a lighter blue than the hydroxide. 

Ammoniuni hydroxide added short of saturation precipitates the pale 
blue basic salts; added just to saturation, the deep blue hydroxide (in both 
cases like the fixed alkalis); added to supersaturation, the precipitate dis- 
solves to an intensely deep blue solution (separation from bismuth). The 
blue solution is a cuprammonium compound, not formed unless ammonium 
salts be present. It has been isolated as CuS04.(NH3)4 (§77, 56). The deep 
blue solution probably consists of this compound in a hydrated condition, 
t. e. Cu(0H)2.2NH,0H.(NH,)2S04 ; or (NHJ,Cu(0H),S04 . Other salts 
than the sulphate form the corresponding compounds: CuClj + -iNH^OH 
= Cu(0H)2.2NH40H.2NHiCl . The blue color with ammonium hydroxide 
is a good test for the presence of copper in all but traces (one to 25,000), 
its sensitiveness is diminished by the presence of iron (Wagner, Z., 1881, 
20, 351). Ammonium carbonate, like ammonium hydroxide, precipitates 
and redissolves to a blue solution. Carbonates of fixed alkali metals — as 
E2CO3 — precipitate the greenish-blue, basic carbonate, CUo(0H)2C03 , of 
variable composition, according to conditions, and converted by boiling to 
the black, basic hydroxide and finally to the black oxide. Barium carbon- 
ate precipitates completely, on boiling, a basic carbonate. 

From the blue ammoniacal solutions a concentrated solution of a fixed 
alkali precipitates the blue hydroxide, changed on boiling to the black 
oxide, CuO . 

b. — Oxalates, cyanides, ferrocyanides, fenicyanides and thiocyanates pre- 
cipitate their respective cuprous saltvS from cuprous solutions not too strongly 
acid. The ferricyanide is brownish-red, the others are white. The thioc^-anate 
is used to separate copper from palladium (Wohler, A, Ch., 1867, (4), 10, 510); 
and also from cadmium. In solutions of cupric salts, oxalates precipitate cupric 
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oxalate. CuC.O^ , bluish- white, insoluble In acetic add, and formed from mineral 
ccid salts of copper by oxalic acid added with alkali acetates. 

Fotassinm cyanide forms the yellowish-green cuprir njanichf Cti{CN)3, 
soluble in excess of the reagGnt with formation of the double cyaniclej 
2KCN.Cu{CK)2 , unstable, changing in whole or in part to cuprous cyamde. 
The potassium cyanide also di&solvea cupric oxide, hydroxide; corboniite* 
sidpkide, etc., changing rapidly to cuprous cvfinide in solution in the 
alkali cyanide. This explaiiis why kfjdmgen sidphrde does nai precipitfttf^ 
solutions of copper mltj^ m poiassium cyanide^ used as a separation from 
cadmium, Fotassinm ferrocyanide precipitates cupric ferrocj/anide^ 
CUyFe(CN),t , reddish'brown, ineolnble in acids, decomposed by alkalis; a 
very delicate test for copper (1 to 200,000); forming in highly dilute solu- 
tions a reddish coloration (Wagner, Z., 1881^ 20, 351). Potassium ffm- 
cyanide precipitates cupric ftrri€tjanide^ QuJ^t{Q'B),^)^j yellowish-green, 
insoluble in hydrochloric acid. 

Potassi-um thlocyai^ate, with cupric milts, forma a mixed precipitate of 
cuprous Tliiocyaimte, white, iiud a black precipitute of cupric thiocjanate. 
whk'h i^radiKjHjr' cJum^CK lu the white cuprous eomponndH, fiolublc in NH^OH; 
in the presence of hypophosphorotts or sulphurous ncid the cijprous thioeyanute 
is precipitated at onee (distinction from cadmium and seine) (Hutchinson, J. C\^ 
1880, 38, 748)- Ammotiiiim. benzoate (10 per ei^nt sol ut Urn) precipitates copper 
salts ooinpletcly from i^oJiitions sligfhtly acidified (fit^paratlon from cadmium) 
(Gucci, B.y 1HH4; 17, 2i\yj), 

If to a solution of cupric salt slij?htly acldiihited with hydrochloric acid, an 
excess of a solution of nltroso-E-naphthol in 50 per cent acetic acid be added, 
the copper will he eonipletely pre< ipitiiterl <ni allowing- to stand a short time 
(separation from Pb . Cd , Hg , Mn , and Zn) (Knorre, B., Ift^iT, 20, 28/t). 

Potassium xanthate jL^ives with very dilute solutions of copper salt a yellow 
coloration; according' to Wugner {Lc.) one part copper in U00,000 parts water 
may be detected. 

c, — Nitric acid rapidly oxidizes cuprous salts to cupric salts. rf.—A solution 
of cupric sulphate alig-htly acidulated with hydrochloric add is precipitated as 
cuprous chloridi* hy sodium hypophosphit© {tavazzi, Oazzrtta, 1886, 10, HjT): if 
the slightly jicidnlatvd copper salt solution be boiled with an excess of the 
hvpofjhosplnte the copper is completely precipitated as the metoL Sodium 
pkosphate, Na^HPO* , g-ives a hluish-white precipitate of copper phosphate, 
CuHPO, . if the reagent he in excess and Cu,(PO()., if thr copper salt he in 
e\c*-ft?i. Sodium pyrophoeplaate precipitates cupric salts, but not if tartrates 
or thiosulphatefl be present (separation from cadmium) (Vortmann, B,, 18S8» 
21, 1103), 

f.— Cuprous salts (obtained by treating^ cupric salts with SnCl,) whpn boiled 
with precipitated sulphur deposit the copper as Cu^S (separation from cad* 
mitim) (Orlowski. J. f\, 18H2. 42. 12:^3). Cnpmvis salts are precipitated or trans- 
poied hy hydrogulphuric acid or soluble sulphides, forminij cuprous sulphide,* 
Cu3 , black, i^ossesislug* the same solubilities as cupric sulphide. 

With cupric salts H^S gives CuS, black (with some CUaS), prodnced 
alike in acid solutions (distinction from iron, manganesej cobalt^ nickel) 

^^P ^ypotWy pTOOlpttated cuprous RUlphldo tranapofiefl illvcr nitrate formitiff iUver sulphide, 

P metollic flllver and cupHi? nitrato ; with cupHc sulphide, silver suiphlrle and ouprio ultrato aro 

I fonaed (SehaoUier, Po^fS-* 1874, ISIS, tTlh FiesLly precipltiit^'d auliilildeft of Fe, Cii, Zii, Cd. 

I Pb, Bl, 9a'% and Bn", when boUert with CttCl Ut virve^mcv ot XnCl give Cu^S and chloride of 

I the tnetul: with CuCI^, OmB fcnd a chloride of the metal are formed, eicept that SnS tfivos 
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and in alkaline solutions (distinction from arsenic, antimony, tin). — Solu- 
tions containing only the one-hundred-thousandth of copper salt are 
colored brownish by the reagent. The precipitate, CuS , is easily soluble 
by nitric acid (distinction from mercuric sulphide); with difficulty soluble 
by strong hydrochloric acid (distinction from antimony); insoluble in hot 
dilute sulphuric acid (distinction from cadmium) ; insoluble in fixed alkali 
sulphides, and but slightly soluble in ammonium sulphide (distinction 
from arsenic, antimony, tin); soluble in solution of potassium cyani3e 
(distinction from lead, bismuth, cadmium, mercury). 

ConcerninfT the formation of a colloidal cupric sulphide^ see Spring (B., 1883, 
16, 1142). According" to Brauner (C. A'., 1896, 74, 99) cupric salts with excess 
of hydrogen sulphide always yield a very appreciable amount of cuprous 
sulphide. See also Ditte (C, r., 1884, 08, 1492). Solutions of cupric salts are 
reduced to cuprous salts bj^ boiling with sulphurous acid (Kohner, C. C, 1886, 
813). Sodium thiosulphate added to hot solutions pf copper salts gives a black 
precipitate of cuprous sulphide. In solutions acidulated with hydrochloric 
acid, this is a separation from cadmium (Vortmann, J/., 1888, 0, 165). 

f, — Hydrobromic acid added to cupric solutions and concentrated by 
evaporation gives a rose-red color. Delicate to 0.001 m. g. (Endemann 
and Prochazka, C. iV., 1880, 42, 8). Of the common metals only iron 
interferes. Potassium bromide and sulphuric acid may be used instead 
of hydrobromic acid. 

Hydriodic acid and soluble iodides precipitate, from concentrated solu- 
tions of copper salts, cuprous iodide, Cul , white, colored dark brown by the 
iodine separated in the reaction * (a). The iodine dissolves with color in 
excess of the reagent, or dissolves colorless on adding ferrous sulphate or 
soluble sulphites, by entering into combination. Cuprous iodide dissolves 
in thiosulphates (with combination). 

The cuprous iodide is precipitated, free from iodine, and more com- 
pletely, by adding reducing ageiHs with iodides; as, NaoSO^ , HoSOs , 
reS0,\6). 

(a) 2CuS0, -h 4KI = 2CuI -f I, + 2K2SO, 

(6) 2CuS0« + 2KI + 2FeS0« = 2CuI + KjSO* + Fe^CSO,), 

2CuS0, + 4X1 + H,SO, + HaO = 2CuI + 2K,S0, -f H,SO, -f- 2HI 

(J. — Arsenites, as KAbO, , or nrsenous acid with just sufficient alkali hydrox- 
ide to neutralize it, precipitate from solutions of cupric safts (not the acetate) 
the prreen cnpper arsnntv, chiefly CuHAsO, (Scheele*s j»-rt>en, ** Paris green "), 
readily soluble in acids and in aninioniuni hydroxide, decomposed by strong 
potassium hydroxide solution. From cupric acetate, arsenites precipitate, on 
boiling, atpprr acrtO'ftr.setiUr, (CuOAs,.Os)8Cu(C,jH3 02), . Schweinfurt green or 
Imperial green, •* Paris green,'' dissolved by ammonium hydroxide and by 
acids, decomposed by fixed alkalis. 

Soluble arsenates* precipitate from solutions of cupric salts r^pWc arsenate, 
bluish-green, readily soluble in acids and in ammonium hydroxide. 

h. — Potassium bichromate does not precipitate solutions of cui)ric salts; 

• The precipitation is Incomplete unless the froo Iodine, one of the products of the reaction, is 
removed hj means of a reducing agent ((44). 
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normal potriRslum chroma te forms a browT>ish-red precipitate, soluble in am* 
muni urn hydroxide to a prreeu Eolution, soluble iti diJiite acids. 

T. Ignition. — Iirnition with liodiam carbonate on charcoal leares metallic 
copper in finely divided grainn. The particles are gathered by tHtitrnting the 
charcoal mass in a finiall mortar, with the repeated addition and deoantation 
of water until the copper ssubstdcs clean. It is reeogTiized by its color, and 
its softnpsi? undt-r the knife. Copper rrudily dissolves, from its eumi>ounds in 
beads of Ixirax and of mieroco&niic salt, in the outer flame of the blow-|iipe. 
The heads are green while hot, and htur when cold. In the inner flame the 
borax bead becomes eolorle?^5? when hot: the microcosmSc salt turns dark pfreen 
TV hen hot, both having^ a reddifth-l>rown tint when cold (Cu,0) (helped by add- 
ing' tiu). Compounds of copper, heated in the inner flame, color the outer flame 
green. Addition of hydrochloric acid increases the delicaey of the reaction, 
giving a grcenisL-blue color to the flame, 

8. Betection. — Copper is preeipitflted from its solutions by HgS, form- 
ing CuS . By its insolubility in (lTH;).S^and solubility in hot djkite HKO-^ 
it is separated ^vith Pb , Bi , and Cd from the remaining metals of the tin 
and copper group. Diliitt- H^SO^ with G^H^OH removes the lead and 
ammonitim hydroxide precipitates the bismuth as Bi(0H)3j leaYiug the 
Cn and Cd in solution. The presence of the Cm is indicated by the blue 
color of the animoniaeal Bolution, by its precipitation as the browTi ferro- 
cyanide after aeidulation with HCl (6&); and by its reduction to Cn"" with 
Pe*^, from its neutral or aeididated eolutioBs (10)* Study the text on 
reactions (fi) and §102 and §103. 

9. Efitlmatlon, — (/) It is preeipitated on platimim hy the eleetrie current or 
by nipans of sdne, th<* exet^Ks of zine may he djaRolved hy dilute hydrochloric 
acid. (2) It is converted into CuO and weijcrhed aftor igTiition^ or the oxide is 
reduced to the metal in an atmosphere of hydrofj^en and weig-hed as such. 
(3) It may be prcc^ipitatet] cither by H-S or Na^S^O^ * andj after adding' free 
sulphur and i|rnitin^ In hydrogen |ras, weiprhed a.s fii|)rniis s^ulphide. or it may 
be precipitated by EGNS In prest*nee of H^SO, or HsPO, , and, after adding S\ 
iirnited in H and weiR-hed as CUnS . Cii,0 , CuO. Cti(N03);,CuC0, * CuSO, , 
and many other eupric salts» are converted into CUnS hy addtng: 8 and l^nitin|T 
in hydrogen fras. \4) ^y adding^ KI to the cuprie salt and titrating' the liber- 
ated I by Na.S,0»: not pcruiissible with acid radicals Avhich oxidize HI. 
(J) By precipitation as Ciil and weig^hinfr after dryini?- at l.>0° (Browning, 
Am. ^., I8lia [;n, 46* 2S0). (fJ) Uy titrating- in concentrated HBr , irning a 
soJntion of SnCL in concentrated HCl; the end reaction is sharper than with 
SnCL alone (Etard and Lebeau, C. r., 1800, 110, 40H). (7) By titration with 
Ka.S, Zinc does not interfere (BorntniR-er, Z. anrr^f., 1S93, 517). (fi) By 
reduction with SO, and precipitation with excess of standard NH.CNS; dilu- 
tion to definite volutup find tHralirm of the excess of NH^CNS in an aliquot 
part, wiih Agr^O, fVolhard, A., 1878, 190, 51), (,9) Stnall amounts an* treated 
with an exft\^s of NH^OH and estimated eolorinietrically by coni paring with 
standard tubers. 

10, Oxidation.— Solutions of Cti" ;md Cu' are reduced to the metallic 
slate by Zn , Cd , Sn , Al , Pb , Fe , Co , Ifi , Bi , Mg *, P , and in presence 
of KOH bv K^SnO.^. , A bright strip of iron in solution of r^uprie salts 
aeidu luted with hydrochloric acid, receives a bright copper coating, recog- 
nizable from solutions in 120,000 parts of wrtter. With a rinc-platinum 
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couple the copper is precipitated on the platinum and its presence can be 
confirmed by the use of H^SO^ , concentrated, and KBr , an intense violet 
color is obtained (Creste, J. C, 1877, 31, 803). Cu" is reduced to Cu' by 
Cu^ (Boettger, /. C, 1878, 34, 113), by SnCl^ in presence of HCl , in 
presence of KOH by A82O3 and grape sugar, by HI , and by SOj . Metallic 
copper is oxidized to Cu" by solutions of Hg", Hg', Ag', W^, and An'", 
these salts being reduced to the metallic state. Ferric iron is reduced to 
the ferrous condition (Hunt, Am. 8., 1870, 99, 153). Copper is also oxi« 
dized by many acids. 



§78. Cadmium. Cd = 112.4 . Valence two. 

1. Properties.— »S>cn7fe gravity y liquid, 7.989: cooled, 8.C7; hammered, 8.6944. 
Melting point, 320.68° (Callendar and Griffiths, C. N., 1891, 63, 2). Boiling pointy 
763° to 772° (Carnelley and Williams, J. C. 1878, 33, 284). Specific heat is 0.0567. 
Yapor density (H = 1), 55.8 (Deville and Troost, A. Ch., 1860, (3), 58, 257). From 
these data the gaseous molecule of cadmium is seen to consist of one atom 
(Richter, Anorg. Chem., 1893, 363). It is a white crystalline metal, soft, but 
harder than tin or zinc; more tenacious than tin; malleable and very ductile, 
can easily be rolled out into foil or drawn into fine wire, but at 80° it is brittle. 
Upon bending it gives the same creaking sound as tin. It may be completely 
distilled in a current of hydrogen above 800°, forming silver white crystals 
(Kammerer, J?., 1874, 7, 1724). Only slightly tarnished by air and water at 
ordinary temperatures. When ignited bums to CdO . When heated it com- 
bines directly with CI , Br , I , F , S , Se , and Te . It forms many useful alloys 
having low melting-points. 

2. Occurrence. — Found as greenockite (CdS) in Greenland, Scotland and Penn- 
sylvania; also to the extent of one to three per cent in many zinc ores. 

3. Preparation. — Reduced by carbon and separated from zinc (approximately) 
by distillation, the cadmium being more volatile. It may be reduced by fusion 
with H , CO , or coal gas. 

4. Oxide and Hydroxide. — Cadmium forms but one oxide. CdO , either by- 
burning the metal in air or by ignition of the hydroxide, carbonate, nitrate, 
oxalate, etc. It is a brownish-yellow powder, absorbs CO- from the air, becom- 
ing white (Gmelin-Kraut, 3, 64). Tlie hydrojridc 'CdiO'R)^ is formed by the 
action of the fixed alkalis upon the soluble cadmium salts; it absorbs CO, from 
the air. 

5. Solubilities. — a. — Metal. — Cadmium dissolves slowly in hot, moderately 
dilute hydrochloric or sulphuric acid with evolution of hj'drogen; much more 
readily "in nitric acid with generation of nitrogen oxides. It is soluble in 
ammonium nitrate without evolution of gas; cadmium nitrate and ammonium 
nitrite are formed (Morin, C. r., 1SS5, 100, 1497). h. — The oxide and hydroxide 
are insoluble in water and the fixed alkalis, soluble in ammonium hydroxide, 
readily soluble in acids forming salts; soluble in a cold mixture of fixed alkali 
and alkali tartrate, reprecipitated upon boiling (distinction from copper) 
(Behal, J. Pharm., 1885, (5), 11, 553). r.— Salts.— The sulphide, carbonate,, 
oxalate, phosphate, cyanide, ferrocyanide and ferricyanide are insoluble (§27) 
in water, soluble in* hydrochloric and nitric acids, and soluble in NH^OH , 
except CdS. The chloride and bromide are deliqucaccnt, the iodide is perma- 
nent; they are soluble in water and alcohol. 

6. Beactions. a. — The fixed alkali hydroxides— in absence of tartaric 
and citric acids, and certain other organic substances — precipitate, from 
solutions of cadmium salts, cadmium hydroxide, Cd(OH). , white, insoluble 
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in excess of the rmgenti^ {<liBtinction from tin and zinc). Ammonium 
hydroxide fonns the same precipitate which dissolves in excess. If the 
eonceotnited cadmium ealts be dissolved in excess of ammonium hydroxide 
with gentle heat and the solution then cooled, crystals of the m]t, with 
vnriiible amounts of ammonia, are obtained; e. g., CdCla{lfHj3 , 
CdSO,(NH,), , Cd(NO,)^(NH,), (Andre, C, r., 1887, 104, 008 and mi; 
Ku-asnik, Arch. Pharm., 1891, 229, 569). The fixed alkali carbonates pre- 
cipitate cadmium carbonate, CdCO^j , white, insoluble in excess of the 
reagent, ammottium carbonate forms the same precipitate dissolving in 
excess. Barium earbonatej in the cold, completely precipitates cadmium 
salts as the carbonate. 

ft,"'03talic acid and oxalates precipitate caclmium oxalate, Tvhite, soluble in 
mineral acidB and iiinmortiiini hydroxide. Potasalum cTanlde precipitates 
cadrniinn c^vanide, white, wohible in excess of the rea^'-ent as Cd(GNj,.2ECN; 
ferrocyanides form a whit** jireeipttate: ferncyanide© a yellow jirecipitate, 
both isohilile in hydrochloric acid, and in aiiimoniani hydroxide. Potassium 
fiulphocyanate does not precipitate cadniinni ealts (d 1st i net ion from copper). 
Cadmium salta in prefiience of tartaric acid are not precipitated by fixed iilkall 
liydro\ides in the cold: on boilin^r. cadminm oxide Is precipitated (separation 
from copper and zinc) (Auhel and Ramdohr, A. C'ft., lS5ft, (3), 52. 109), 
v,^Nitrlc acid d involves all the known compounds of cadmium, d. — Soluble 
phosphates jirfdpitatc etidmium phmphate^ white, readily soltible in acidB. 
Sodium pyrophosphate preci|ntates cadminm salt^* soluble in excess and in 
mineral acids, not in dilute acetic. The reaction ia not hindered by the pres- 
ence of tartrates or of thiosuIphat^j'B (sepanitjoii from Gu) (Vortmnnn, B,, 188S, 
21, 110+). 

e. — Hydrogen sulphide and soluble sulphides preeipitate, from solutions 
neutral, alkaline, or not too strongly aeid, cadmium sulphide, yellow; 
insoluble in excesB of the precipitant (Freaenius, Z., 1881, 20, 236), in 
ammonium hydroxide, or in cyanides (distinction from copper) ; soluble in 
hot dilute sulphuric acid and in a saturated solution of sodium chloride * 
(distinction from copper) (Cushman, Am., 1896, 17, 379). 

Sodium thloaiilphate, Na^S.O, , does not precipitate i^olutions of cadmium 
salts (I''olleninB» Z*^ 1?^74. 13, 438), bnt in excess of this reagent, ammonium 
Halts beiniyr iibscnt, ssodinm carbonate completely precipitates the cadmium as^ 
carbonate {disti action from copper) (Wells, C. N., 1891, 64. 2EI4)* Cadmium 
salts with excess of sodium thiosidphate are not precipitated upon bailing" 
with hydrochloric acid (distinction from copper) (Orlowski, J. C, 1882^ 42. 12:i2), 
f. — The non-prceipitation b\^ iodides is a distinction from copper* i?.^Soluhle 
araenites and arsenates precipitate the corresponding cadmium salts, readily 
Boliiblc in Hcids and in ammonium hydroxide. A. ^Alkali clirotnatea precipitate 
:rel]ow cadmium chrotnate from concentrated solutions only» and soluble an 
addition of water, 

L — A solution of copper and cadmium sa1ts» very dilute, whett allowed to 
spread upon a filtf?r paper or porous porcelain ple.t«, grives a ring- of the cad- 
mium salt beyond that of the copper salt, ea&ily detected by hydroi^en stilphide 
(Bagley, J. C„ 1878, 33, 304). 




•ai\inir to tbo fortnfttlon of lneoroplctely-fliBa*>eiftt4?d C^Cl,. Cdl^ 1» BtlU Irhs diflsoclat&d 
and acforrllnifly CdM dlasolv^es more readily in III tbaa in HCl and mucli mor© readily thaa iti 
HX0, at tlic mmc concentrfttion. On the other hand, nf <^oarl^o, precl|illatlon of the Rulphlde 
takes plttCi^ wltb more diffloaity from tho Iodide than f rrjm ttie other lalts. 
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7. Ignition. — On charcoal, with sodium carbonate, cadmium salts are reduced 
before the blow-pipe to the metal, and usually vaporized and reoxidized nearly 
as fast as reduced, thereby forming a characteristic brown incrustation (CdO). 
This is volatile by reduction only, being driven with the reducing flame. Cad- 
mium oxide colors the borax bead yellowish while hot, colorless when cold; 
microcosmic salt, the same. If fused with a bead of K,S, a yellow precipitate 
of CdS is obtained (distinction from zinc) (Chapman, J. C, 1877, 31, 490). 

8. Detection. — Cadmium is precipitated from its solutions by HjS form- 
ing CdS. By its insolubility in (NHJaSx and solubility in hot dilute HNO^ 
it is separated with Pb , Bi , and Cu from the remaining metals of the 
second group. Dilute H2SO4 with CsHgOH removes the lead and NH^OH 
precipitates the bismuth as Bi(0H)3 , leaving the Cu and Cd in solution. 
If copper be present, KCN is added until the solution becomes colorless, 
when the Cd is detected by the formation of the yellow CdS with HoS . 
If Cu be absent the yellow CdS is obtained at once from the ammoniacal 
solution with HjS . See also 6i. 

9. Estimation. — (1) It is converted into, and after ignition weighed as an 
oxide. (2) Converted into, and after drying at 100**, weighed as CdS. (5) Pre- 
cipitated as CdCaO^ and titrated by KMnO^. (Jj/) Electrolytically from a slightly 
ammoniacal solution of the sulphate or from the oxalate rendered acid with 
oxalic acid. (5) Separated from copper by KI; the I removed by heating; the 
excess of KI removed bv KNO, and HxSO«; the cadmium precipitated by 
Na,CO, and ignited to CdO (Browning, Am, 8., 1893, 146, 280). (6) By adding- 
a slight excess of HaS04 to the oxide or salt, and evaporation first on the water 
bath and then on the sand hath, weighed as CdSO^ (Follenius, Z., 1874, 13, 277). 

10. Oxidation. — Metallic cadmium precipitates the free metals from 
solutions of An , Pt , Ag , Hg , Bi , Cu , Pb , Sn , and Co ; and is itself 
i:educed by Zn , Hg , and Al . 



§79. Comparison of Certain Beactions of Bismuth, Copper, and Cadmium. 

Taken in Solutions of their Chlorides, Nitrates, Sulphates, or Acetates. 



7OH or NaOH, in 
excess 

NH«OH, in excess 

Dilution, of satu- 
rated solutions. . 

Iodides 

Sulphides 

Iron or zinc 

Glucose, KOH, and 

heat 

K,SnO, -f KOH.. 



Bi 



Bi(OH)„ white. 

Bi(OH)g, white. 

BiOCl, white (§76, 
.5</). 

Partial precipita- 
tion in solutions 
notvery strongly 
acid (§76, 60. 

Bi:,Ss. black, in- 
soluble in KCN. 

Bi, spongy precipi- 
tate. 

Bi, black. 

Bi, black. 



Cu 



Cu(0H)2, dark 

blue. 
Blue solution. 



Precipitation of 
Cul, with libera- 
tion of iodine 
(§77, 60. 

CUjS and CuS, 
black, soluble in 
KCN. 

Cu, bright coating 
(§77, 10). 

CUaO, vellow (§77, 

5?>).* 
Cu, precipitated 

metal. 



Cd 



Cd(OH)„ white. 
Colorless solution. 



CdS, yellow, insol- 
uble in KCN. 

Cd, gray sponge 
with zinc, no ac- 
tion with iron. 
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System ATic Analysis of the Metals of the Tin axd Copper Group. 

The preeipitation of the metals of the second group (Tin and Copper 
Group) by hydrosulphuric acid, and their sepamtion into Division A (Tin 
Group) and Division B (Copper Group). See §S12* 

§80. Mampnlation,— The filtrate from Group L (§62), or the original 
eolation, if the metals of the Bilver group be absent ^ ib rendered acid with 
a few drops of HCl^ warmed and saturated with hydrosulphuric acid gas. 
2H:iAsO, + xHCl + 5H,S = Ab,S, + xHCl + HH,0 
2H,AaO, + xHCl + 5H,S =^8^8. + xHCl + S, H- SH,0 
SnCl, + QH,S ^ SiiS, + 4HC1 
SnCL + H,S = SttS + 3HC1 
2Bi(N0,), + 3H,S = Bi,S, + 6HW0» 
CdSO. + H:,S = CdS -h H^SOi 

The precipitate, after being allowed to settle a few minutes, is filtered and 
thoroughly washed with hot water containing a little HCl . A portion of 
the filtrate diluted with water is again tested with HnS to insure complete 
precipitation (§81, 2\ and if necessary the whole of the filtrate is diluted 
and again precipitated. The filtrate containing no metals of the second 
group is set aside to be tested for the remaining metals (§128). 

301* Notea.^l, HjdroBulphuric acid gas ehoiild be need In precipitating the 

metals of the second f^roup. It should be generated in a Kipp apparatus^, 
using ferrous suipliifle, F^ , and dilute commercial sulphuric acid (1-12). 
Commercial hydrochloric acid may be usecl instend of eulphurie. The gas 
should be passed throug-h k wash bottle containing water to remove any neici 
that may be carried over mechiuiieally. It should always be conducted through 
a capillary tube into tlic solution to be analyzed. Leaa gas is required and the 
solution is leas liable to be thrcwn from the test tube by the excess of unab- 
so r bed gas, 

2. In testing the filtrate for eomplete precipitatioB, instead of the gas, a cold 
saturated water solution of the pju? may well be employed. This dilutes the 
solution at the same time* In treating- the unknown solution with H^S or in 
makini^ a saturated water solution of the gas» it should be passed into the 
liquid untiU upon shaking the test tube or bottle capped with the thumb, there 
is no formation of a partial vacuum due to the further absorption of the gas by 
the liquid* 

3. H,S is decomposed by HNO, or HNOj + HCl (nitrohydrochloric acid) 
(§257, r>/l), hence these acids must not be present in excess. If these neids 
were used in preparing- the solutions for analysis^ they must be ri*movcd by 
evaporation. Sulphuric acidulation is not objectionable to precipitation with 
HjS , but conld not be used until absence of the metals of the calcium group 
(Group V,) had been nssure;d, 

4. The preciiiitation of the silver group has left the soltition acid witb HCl 
and prepares the solution for prpclpitation with H^S , if other adds are not 
present in excess and if too much HCl was not employed. The presence of a 
great excess of HCl does not prevent the precipitation of arsenic (§60, de), but 
does hinder or entirely prevent the precipitation of the other metals of this 
jjrroup. especially tin. lead (|57, Op), cadmium ond bismuth. The solution must 
be acid or traces of Co , Nl and Zn (^135. <^e) will be precipitated. No instruc* 
tions can be given as to the exact amount of HCl to be employed. About one 
part of HCl to 25 of the solution should be present to prevent tbe precipitatioD 
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of Zn. , and it is Reldom advisoble to use more than one fwirt of BCCl to teo of 
the isolution * (thiN reft^rs to the reag'ent HCl , |0M), 

5. The preeipiiatioji rakej; place l>etter froro the warm solutiona than from 
the coUl (131); hence it i^ directed to warm the solution befort- pashing- in the 
HjS , and before filtering heat a^^Qin nearly to boiling. If ursenic be preiient, 
the Kuintion should be kept at nearly the boiling points and the gas passed 
into the «oluTiou for several minutes (§60, tie)* 

fir. The precipitated sulphides of the metals of the tm and copper group 
(second group) preKcnt a variety of colors, which aid materially in the further 
analysis of the group, CdS » SnS, , As.Sj (lud Aa^S^ are lemon -yellow: SbjS^ 
and SbjSa are orange: SoS . HgS , FhS , Bi^S^ , Qn.B and CuS *are black to 
brown ish-hlaek. If too much HCl bv present, Icsnl suits frequently precipitate 
a red double salt of lead chloride and IctkI s^iilphide (§57, i\€). Mercuric chloride 
at fir*it forms a white precipitate of HgCL/2HgS , changing from yellow to red, 
and finally to black with more H^S , dwe to the gradual conversion to HgS 
(SS8, t.r). 

7. Addition of w^ater to the solution before pas^Rinft^ in H^S may cause the 
precipitation of the oxy chlorides of Sb , Sn or Bl i5d: 170. §71 and §76)* These 
should not be redJKsolved by the addition of more HCl , as they are readily 
trauii posed to the corrcKponding sulphidt^s by HjS , and the excess of acid 
necessary to their resolution may prevt^nt the precipitation of cadmium or 
cause the formation of the red precipitate with lead chloride* 

S. Arsenic when present n^ a r Rente acid is precipitated exceedingly slowly 
from its cold solutions, and tardily even from the hiJt solutions. Frequently 
the other metals of the group may be completely precipitated and rpmoved by 
filtration* when a further treatment with H;S caiisCK a precipitation of the 
arsenic as As^Sq from the hot solution* This slow^ formation of a j'ellow pre- 
eipitate is often a very sure indication of the presence of pentad arsenic (§09, 
6'e,J). 

9, The presence of a strong oxidiadng agent as HNOt . K.Cr.Oj , PeCl, , etc*, 
€!auses with H^S the formation of a white pri^cipitate of sulphur (|125, Cy€)^ 
which is often mistaken as indicating the presence of a second group tnet.al. 
If the original solution be dark colored, it is advisable to w*arm with hydro* 
chloric acid and alcoho! (§125, fif and 10) to effect reduction of a jxissible higher 
o!!iidis;ed form of Cr or Mn before the precipitation with H,S , thus avoiding 
the unnecessary precipitation of sulphur. 

Jfh Complete precipitation of the metals of the second group with H^S may 
fail: (1) from incomplete saturation with the gas (581, 2): i2) from the pres- 
ence of too much HCl (§81, 4): (J) from the presence of much pentad arsenic 
(169, 5r), The first cause of error may be avoided by careful observance of the 
directions in note (2). To prevent the second cause of error a portion of the 
riltrate, after the removal of the precipitate by filtration, should be largely 
diluted wnth water (10 volumes) and H^S (gas" or siitu rated water solution) 
again added. In case a further precipitate is obtained, the whole of the filtrate 
should he diluted and again precipitated with H.S . This should be repeated 
until the absence of second group metals is assured* If a slow formation of n 
3^ellow precipitate indicating Asv is observed^ HjS should be passed into the 



•Addition of a etrong add, coutainioff H lonsla large quantity, dtmlnlsbea the already sllglit 
dlwoeiatlon of the H^S (§44 s, thus deorcaala^ in numlx^r the B ]ous, whose concentration multi- 
plied by that of the metal Iohb muBt equal the solubiJity-product of the sulphide In qiioatlon, 
before precipitation can take place. Precipitation of some of the sulphides of the Tin mod 
Copper Qpejap may bo entirely prevented tn this way. 

It frequently happeaa that addition of water alone will cau»e precipitation of these sulphldliB 
fpoja a fftroDffly add solution >Thloh has been saturated with H,S. This appears strange In view 
of the fact that the acid which prevented preoip[tfttlon and the add which tlnally produced It 
wore >>oth diluted by the added water In the same pm^mrtlon. But aa a matter of fact dilution 
d<>es not have the same effect on a strong acid na on a weak one. Dissociation U always in^ 
creased by dilution^ hut In much gTcatcr ratio la the case of a weakly-dlBeooiated body as H,8 
thfui where the dlesoclation of the substance Is already practically complete, as In the case of 
the strong acid. Dilution In the caao mentioned Increases the relative oouoentratlon of the fi 
ions and ao the solubUlty-produot la reached and precipitation resulta. 
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hot solution for fully 30 minutes (Xote J) or the solution should be treated 
with SO, or some other agent for the reduction of Asv to As"' (§60, 10). 

§82. Manipulation. — After the precipitate has been well washed with 
hot water the point of the filter is pierced with a small stirring rod and 
the precipitate washed into a test-tube, using as small an amount of water 
as possible. Yellow ammonium sulphide (1^4)28, (§83, 2) is then added 
and the precipitate digested for several minutes with warming: 
As,S. + 2(NH,),S, = (NH,),A8,S, + S. 
SnS + (NH,),S, = (NHJ^SnS, 
2SnS2 + 2(NH0,S2 = 2(NH0,SiiS, + S, 
2Sb2S, + 6(NH,),S, = 4(NH,),SbS4 + S, 
2MoS, + 2(NH0,S, = 2(NH0,MoS4 + S, 

The precipitate is then filtered and washed once or twice with a small 
amount of (1^4)28, , and then with hot water. The filtrate consisting of 
solutions of the sulphides of As , Sb , 8n , An , Pt , Mo (Or, Ir, 8e, Te, 
IF, F), constitutes the Tin Group (Division A of the second group). The 
precipitate remaining upon the filter, consisting of the sulphides of Hg , 
Pb, Bi, Cu, Cd {Os, Pd, Eh, and Bu), constitutes the Copper Group 
{Division B of the second group, §95). 

§83. Not€8. — 1. The precipitate of the sulphides of the tin and copper group 
must be thoroughly washed with hot water (preferably containing HjS and 
about one per cent of reagent HCl to prevent the formation of soluble colloidal 
sulphides (§60, 5c), to insure the removal of the metals of the iron and zinc 
groups, which would be precipitated on the addition of the ammonium sulphide 
(§144). 

2. Yellow ammonium sulphide, (NH4)2Sx. forma upon allowing the normal 
sulphide, (NH4)2S, to stand for sometime, or it may be prepared for imme- 
diate use b3' adding sulphur to the freshly prepared normal sulphide (§257, 4). 
For arsenic sulphides the normal ammonium sulphide may be employed, but 
the sulphides of antimony are soluble with difficulty, and stannous sulphide is 
scarcely at all soluble in that reagent; while they aVe all readily soluble in the 
yellow polysulphide (Ge; §60, §70 and §71). 

3. Cupric sulphide, CuS , is sparingly soluble in the yellow ammonium sul- 
phide and will give a grajish-black precipitate upon acidulation with HCl . 
The sulphides of the tin group are soluble in the fixed alkali sulphides, K2S 
and Na^S; cupric sulphide is insoluble in these siilphides. Mercuric sulphide, 
however, is much more soluble in fixed alkali sulphides than cupric sulphide is 
in the (NH«)2Sx . If copper be present and mercury be absent, it is recom- 
mended to use K2S or N'a2S instead of (NH4)2Sx for the separation of the 
second group of sulphides into divisions A (tin group) and B (copper group). 
But if Hg" be present, the (NH4)5Sx should be used, and the presence or 
absence of traces of copper be determined from a portion of the filtrate from 
the silver group before the addition of H2S (§103). 

4. The sulphides dissolve more readily in the (NH^aSx when the solution is. 
warnied. An excess of the reagent is to be avoided, as the acidulation of the 
solution causes the precipitation of sulphur (§266, 3), which may obscure the 
precipitates of the sulphides present. 
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§86. Manipulation. — The solution of the sulphides in (NH^)2S^ is care- 
fully acidulated with hydrochloric acid : 

2(NH,)aS, + 4HC1 = 4NH,C1 + S, + 2H,S 

(NHJ.ASaS, + 4HC1 = ASjSs + 4NH.C1 + 2HaS 
2(NHJ,SbS, 4- CHCl = Sb,S, + 6NH,C1 + 3H,S 
(NHJ.SnS, 4- 2HC1 = SnS, + 2NH4CI + H^S 

The precipitate obtained when the metals of the tin group are present, 
is usually yellow or orange-yellow and is easily distinguished from a pre- 
cipitate of sulphur alone (SnS and M0S3 are brownish-black). It should 
be well washed with hot water and then dissolved in hot HCl using small 
fragments of HClOg (§69, 6e) to aid in the solution: 

2As,S, -{- lOCl, + IGHjO = 4H, AsO, + 20HC1 -f- 3S, 
SnS^ -h 4HC1 = SnCl* + 2H,S 
PtS. + 2Cl,= PtCl, + S, 

The solution is boiled (to insure removal of the chlorine (§69, 10) until it 
no longer bleaches litmus paper. 

§86. Notes. — /. If the precipitate obtained is white, it probably consists of 
sulphur alone and indicates absence of more than traces of the metals belong- 
ing to this group (QeS, is white, §111, 6). 

2. Care should be taken not to use too much HCl in precipitating the sul- 
phides from the (N'Ht)^Sx solution, as some of the sulphides (especially SnSx) 
are quite soluble in concentrated HCl . 

S. It will be noticed (§85) that the lower sulphides of Sb and Sn are oxidized 
by the (NH4)aSx , and are precipitated by the HCl as the higher sulphides 
SDsSb and SnSj respectively. This fact may be most readily observed by the 

Srecipitation of a solution of SnCl, with HjS , giving a brown precipitate of 
nS , then dissolving this precipitate in (NH4)2Sx and reprecipitating with HCl 
as the orange-colored SnSs . 

4. Hot reagent HCl (§324) dissolves the sulphides of tin quite readily 
without reduction; the sulphides of antimony, slowly forming SbCl. only; and 
the sulphides of arsenic practically not at all. or at most only traces. The 
sulphides of Au and Pt are not soluble in HCl . M0S3 is soluble in hot con- 
centrated HCl . The relative solubility of these sulphides in HCl is used by 
some chemists as the ba^is of a separation of As from Sb and Sn (§69, 6c, also 
bottom of next note, 5). 

5. The sulphides of arsenic are readily soluble in ammonium carbonate (§69, 
6c) and are thus separated from the sulphides of Sb and Sn, which are prac- 
tically insoluble. The following table suggests a method of analysis based 
upon' this property of these sulphides. 
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Digest with solution of ammonium carbonate and filter. 
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Besidue: SnSs , SbsS. , (S) . 

Dissolve in hot hydrochloric acid (5c, §70 
and §71). 

Solution: SnCl^ , S)>Cla . 

Treat with zinc and hydrochloric acid in 
Marsh's apparatus (§69, 6'a). 



Deposit: Sn , (Sb) . 

Dissolve by hydro- 
chloric acid. 

Solution: SnCl, . 

(Residue, Sb .) ' 

Test by ammoniacal 
silver nitrate and 
by mercuric chlo- 
ride (§71, 6i and /). 



Gas: SbH, . 

(Test the spots, 
§69, (>'r, /.) 

Receive the gas in 
solution of silver 
nitrate. Dissolve the 
precipitate (SbAg, ) 
(§70, 6/), and test 
bv HaS (§87 and 
§89). 



Solution: 

(NHO.AsS, -h (NHJ.AsO, 

and 

(NH,),As,S, -f (NH.).As,0, . 

Precipitate by hydrochloric acid; 
filter; wash the precipitate and 
dissolve it by chlorine gener- 
ated from a minute fragment of 
potassium chlorate and a little 
hydrochloric acid (§69, 5r). 

Expel all free chlorine (note 9, 
and §69, 10). 

Solution: H.AsO^ . 

Apply Marsh's Test, as directed in 
§69, 6'fl, testing the spots (§69, 
6'c); receiving the gas in solu- 
tion of silver nitrate, and test- 
ing the resulting solution (§87). 

Examine the original solution, as 
indicated in §88, i. 



The plan above given may be varied by Heparatlng antimony and tin hy ammo- 
nium carbonate in fully oxidized solution, as follows: The SbsSg and SnSg are 
dissolved by nitrohydrochloric acid, to obtain the antimony as pyroantimonic 
acid. The solution is then treated with excess of ammonium rnrhonatCy in a 
vessel wide enough to allow the carrbonic acid to escape without waste of the 
solution. 

The soluble diammoniuir dihydrogen pyroantimonate, (NH^sHsSbaOr , is 
formed. Meanwhile the SnCl« is fully precipitated as HjSnO, (§71, <V/), and 
may be filtered out from the solution of pj-roantimonate. 

The liability of failure, in this mode of separating antimony and tin, lies in 
the non-formation of pyroantimonic acid by nitrohydrochloric acid. The ordi- 
nary antimonic acid forms a less soluble ammonium salt, but this acid is not 
so likely to occur in obtaining the solution with nitrohydrochloric as anti- 
nwnous chloride^ SbCl, . Excess of ammonium carbonate does not redissolve 
the SbjO, which it precipitates from SbCl, , as stated in §70, 6^. 

The above plan may also be varied as follows: After removal of the arsenic 
sulphide with (NH4)3CO, , the residue is dissolved in strong HCl , not using 
XCIO, or HNO, . The solution consists of SnCl* and SbCl, . IMvide in two 
portions: (/) Add Sn on platinum foil. A black precipitate indicates Sb° . 
(2) Add iron wire, obtaining Sb° and Sn"; filter and test the filtrate for Sn by 
HgCl, (Pieszczek, Arch. Pharm., isoi, 229, 007). 

6. The sulphides of As, Sb and Sn are all decomposed by concentrated nitric 
acid, which furnishes a basis of v.j\ excellent separation of the arsenic from the 
antimony and tin (Vaughan, American Chcmi.Ht, 1S75, 6, 41). The sulphides 
reprecipitated from the (NHO.Sx solution by HCl are well washed, transferred 
to an evaporating dish, heated with concentrated HNO, until brown fumes are 
no longer evolved, and then evaporated to dryness, using sufficient heat to 
expel the HNG, and the H.SO^ formed by the action of the HNO. upon the S . 
The heating should be done on the sand bath. The cooled residue is digested 
for a few minutes with hot water, the arsenic passing into solution as H,As04 , 
and the antimony and tin remaining as residue of SbjOs and SnO, . The pres- 
ence of arsenic may be confirmed by the reactions with AgNO, (§69, 6/), CuSO^ 
(§69, 6fc) by the Marsh test (§69, Co), or by precipitation with magnesia mix- 
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ture (§69, 6i). A portion of the residue may be tested in the Marsh apparatus 
for the Sb (§70, G/), another jwrtion may be reduced and dissolved in an open 
dish with Zn and HCl (not allowable if As be present. §71, 10), and the result- 
ing SnCl, identified by the reaction with HgCl, (§71, 6i). 

7. The precipitated sulphides must be thoroughly washed to insure the 
removal of the ammonium salts, since in their presence the dangerously ex- 
plosive nitrogen chloride (§268, 1) could be formed when the sulphides were 
dissolved in HCl with the aid of KCIO, . 

8. Instead of chlorine (HCl -f KCIO,), nitrohydrochloric acid may be em- 
ployed, but it is liable to cau&e the formation of a white precipitate of Sb^Os 
and SnOj . 

0. The chlorine should all be removed, as the metals cannot be reduced by 
the Zn and HaSO^ in the Marsh apparatus in the presence of powerful oxidizing 
agents as CI . This would also require evaporation to expel the HNO, , if 
nitrohydrochloric acid were used to effect solution. 

JO. Hydrogen peroxide, HjO, , decomposes the sulphides of arsenic and anti- 
mony with oxidation. The arsenic will appear in the solution, the antimony 
remaining as a white precipitate of the oxide (a sharp separation) (Luzzato, 
Arch. Pharm., 1886, 224, 772). 

§87. Manipulation. — The solution of the metals of the tin group is 
then ready to be transferred to the Marsh apparatus (the directions for 
the use of the Marsh apparatus are given under arsenic (§69, 6'a), and 
should be carefully studied and observed. They will not be repeated 
here). Only a portion of the solution should be used in the Marsh appar- 
atus, the remainder being reserved for other tests. The gas evolved from 
the Marsh apparatus is passed into a solution of silver nitrate, which by 
its oxidizing action effects a good separation between the arsenic and 
antimony (§89, 2) : 

AsH, + 6AgN0, + 3H,0 = H.AsO. + 6Ag + 6HN0, 

SbH, 4- 3AgN0, = SbAg, -f 3HN0, 
The hard glass tube of the Marsh apparatus is heated while the gas is 
being generated, a mirror of arsenic and antimony being deposited, due 
to the decomposition of the gases (§69, 6'c): 2SbH3 = 2Sb + SHj . The 
ignited gas is brought in contact with a cold porcelain surface for the 
production of the arsenic and antimony spots (§69, 6'6). Failure to obtain 
mirror, spots, or a black precipitate in the AgNOj is proof of the absence 
of both arsenic and antimony. The black precipitate obtained in the 
silver nitrate solution is separated by filtration, washed and reserved to be 
tested for antimony. The filtrate is treated with HCl, or a metallic 
chloride, as CaCls or NaCI , to remove the excess of silver and, after evapor- 
ation to a small volume, is precipitated with HgS . A lemon-yellow pre- 
cipitate indicates arsenic. The black precipitate from the silver nitrate 
solution is dissolved in hot reagent HCl : SbAgg + 6HC1 = SbClg + 
SAgCl . The excess of acid is removed by evaporation, a little water is 
added (§70, 5^ and §59, 5c) and the AgCI removed by filtration. The 
filtrate is divided into two portions. To one portion HgS is added; an 
orange precipitate indicates antimony. The HoS may give a black precipi- 
tate of AgoS from the AgCl held in solution by the HCl . If this be the 
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case, to the other portion one or two drops of KI aro added and the 
solution filtered. This filtrate is now tested for the orange precipitate 
with H^S , 

The mirror obtained in the hard gk&s tube should he examined as 
directed in the text, ei?peeially by oxidation and microscopic examination 
(§60, G't^ 5). The spots should be tested with ITaClO and by the other tests 
as given in the text (§69* Q'c 2). 

§88, .Yf>*r^,— 'Arsenic,^/* AH compoisnds of arsenic are reduced to arsine by 
the Zn and H^SOt In the Mursh apparatus. Hence if strotig- o^cidizing ageuta 
are absent, the orif^inal solution or powder may be used directly in the Marsh 
apjiaratus for the deteetion of arsenie; but i^ulphides should not ^be present. 

2. The burninjyf arnine forms As^Ot , which may be collected as a heavy white 
powder nn a piece of black paper placed under the flame* Antimony will alao 
d**pot=it a similar heavy white powder. 

3, The arsine evolved is not decomposed (faint traces decomposed) upon 
passing- through a drying tube containing: aoda lime or through a solution of 
£0H (distinction and separation from antimony J. 

4^ Arsenites and arsenates are djsliiiffuished from each other by the following- 
reactions: (fi) Arsenous acid solution acidulated with HCl la precipitated in the 
cold instantly by H^Sr arsenic acid under sjiniilar conditions is precipitated 
exceedingly slowly (§60, 6t). (b) Neutral solutions of arsenitcs give a yellow 
precipitate with AgNOj; neutral solutions of arsenates give a brick-red pre- 
cipitate. Both preci[jitates are solulik in acids or in ammonium hydroxide 
(§60> 6i/), (c) Magnesia mixture precipitates arsenic acid as white magnesium 
ammonium arsenate, MgNH^AaO^; no precipitate with arsenous acid (§180, %). 
(d) HI j^ives free iodine with arsenic acid; not with arsenous acid (§69, fi/), 
(f) Alkaline solutions of arsenoiis acid are immediately oxidized to the pentad 
arsenic compounds by iodine (569» 10) » (/) Potassium permanganate is imme- 
diateh' decolored by solutions of arsenoua acid or arsenites; no reaction with 
arsenates (§99, 10).^ 

889^ Notes.— AntimQnj.^L If antimony be present in considerable amount, 
it (in the form of the sulphide) is most readily separated from arsenic by 
Ijoiling^ with strong HCl {solution of the antimony sulphide* (S70. Be)); or by 
digesting with (NH^jaCOj or NH.OH (solution of'the arsenic (§69, 5r))* 

2. For the detection of traces of antimony, the most certain test is in Its 
Tola ti ligation as stihine in the ilarsh apparatus and precipitation as SbAg^ , 
antimony argentide, with AgNO^ ; this is a good separation from arsenic and 
jilli, and after liltration it remains to dissolve tho SbAg^ in concentrated HCl 
tad identify the Sb as the orange precipitate of Sb.Sa . The formation of the 
"black precipitate in the A^NO, soluti4>n must not he taken as evidence of the 
presence of antinumy, as arsine ^ives a black precipitate of metallic silver with 
AgNO, * A trace of antimony may be found in the filtrate from the SbAgi , 
hence a slight yellow-orange precipitate from this solntion must not be taken 
as evidence of arsipnic without further examination (§60, 7). 

3. Sb|Sj, is precipitated from soltitinns quite strongly acid with HCl , L e., in 
the presence of equal parts of the concentrated acid (*//. fjr. L20). Tin is not 
precipitated as sulphide if there be present more than one part of the con- 
centrated acid to three of the solution (§70, Br). This is a convenient method 
of separation. Tlie addition of cue volume of concentrated HCl to two vol nines 
of the Bohition under examination before passing in the H,S will prevent the 
precipitation of the tin while allowing the complete precipitation of the antl* 
mony. 

^. If the BUlphides of As ^ Sb and Sn are evaporated to dryness with eon- 
centrated HNO,; the residue strongly fused with Ka^CO, and NaOH; and the 
cooled mass disintegrated with cold water, the filtrate will contain the arsenic 
as sodium arsenate, Ha^iAsOt , and the tin as sodium staunate, Ka^SnOj! while 
the antimony remains as a residue of sodium pyroantimonate, Na,H|Sb,Or 
(170, 7). 
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5. Stibine is evolved much more slowly than arsine in the Marsh apparatus, 
and some metallic antimony will nearly always be found in the flask with the 
tin (§70, 6/). 

6. If organic acids, as tartaric or citric, be present, they should be removed 
by careful ignition with KjCO, as preliminary to the preparation of the sub- 
stance for analysis, since they hinder the complete precipitation of the anti- 
mony with HjS (§70, 6e). 

7. Antimonic compounds are reduced to the antimonous condition by HI with 
liberation of iodine (§70, (jf and 10). Chromates oxidize antimonous salts to 
antimonic salts with formation of green chromic salts (§70, 6/i). XMnO« also 
oxidizes antimonous salts to antimonic salts, a manganous salt being formed 
in acid solution (§70, 6/i). No reaction with antimonic salts. Antimonous 
salts reduce gold chloride; antimonic salts do not (§73, 10). 

§90. Manipulation. — The contents of the generator of the Marsh appar- 
atus should be filtered and washed. The filtrate, if colorless, may be 
rejected (absence of Mo). A colored filtrate, blue to green-brown or black, 
indicates the probable presence of some of the lower forms of molybdenum. 
The solution should be evaporated to dryness with an excess of HNO3 , 
which oxidizes the molybdenum to molybdic acid, M0O3 . The residue 
is dissolved in NH^OH (the zinc salt present does not interfere) and poured 
into moderately concentrated nitric or hydrochloric acid (§75, Gd footnote). 
This solution is tested for molybdenum by NaoHP04 . The original solu- 
tion should also be examined for the presence of molybdenum as molybdic 
acid or molybdato (§75, Gd). 

The residue from the generator of the Marsh apparatus may contain 
Sb , Sn , Au , and Pt with an excess of Zn . It should be dissolved as 
much as possible in HCI . Sb , An , and Pt are insoluble (§70, 5a). The 
Sn passes into solution as SnCIg and gives a gray or white precipitate with 
HgClj, depending on amount of the latter present (§71, 6;): 
SnCl, -h HgCl, = SnCl. + Hgr 
SnCl, -h 2HgCl, = 2HgCl + SnCl, 
The presence of Sn" should always be confirmed by its action in fixed 
alkali solution upon an ammoniacal solution of AgNOg , giving Ag** 
(§71, 6t). 

An and Pt may be detected in the residue, but it is preferable to precipi- 
tate them from a portion of the original solution by boiling with ferrous 
sulphate (G/^, §§73 and 74). Both metals are precipitated. They are then 
dissolved in nitro-hydrochloric acid and evaporated to dryness with am- 
monium chloride on the water bath. The residue is treated with alcohol 
which dissolves the double chloride of gold and ammonium, leaving the 
platinum double salt as a precipitate, which is changed to the metal upon 
ignition. The alcoholic solution is evaporated, taken up with water and 
the gold precipitated by treating with FeSO^ (§73, 6h), by boiling with 
oxalic acid (§73, 66), or by treating with a mixture of SnCL and SnCl^ 
(Cassius' purple) (§73, 6/7). 

If a portion of the original solution, free from HNO3 , be boiled with 
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oxalic acid the gold is completely precipitated as the metal, separation 
from the platinum which is not precipitated (§74, 66). 

§91. — Notes. — Molybdenum. — 1. In the regular course of analysis, molyb- 
denum remains in the flask of the Marsh apparatus as a dark colored solution,, 
the Zn and HaS04 acting as a reducing agent upon the molybdic acid. 

2. If the molybdenum be present in solution as molybdic acid or a molj'bdate, 
it may be separated in the acid solution from the other metals by phosphoric 
acid in presence of ammonium salts, forming the ammonium phosphomolyb- 
date; insoluble in acids, but soluble in ammonium hydroxide (§75, 6d). 

S. In ammoniacal solution of a phosphoraolybdate, magnesium salts precipi- 
tate the phosphoric acid, leaving the molybdenuiti as ammonium molybdatc in 
solution, which may be evaporated to crystallization (method of recovering 
ammonium molybdatc from the ammonium phosphomolybdate residues). 

§92. Tin. — 1. Tin requires the presence of much less HCl to prevent its pre- 
cipitation by HjS than arsenic or antimony (§89, 3). 

2. The yellow ammonium sulphide (NH4)2Sx must be used to effect solution 
if tin (Sn") be present, SnS being practically insoluble in the normal am- 
monium sulphide (§71, 5c). 

5. Tin in the stannous condition, dissolved in the fixed alkalis (stannites)^ 
readily precipitates metallic silver black from solutions of silver salts. An 
arsenite (hot) or an antimonite in solution of the fixed alkalis produces the 
same result, but not if the silver salt be dissolved in a great excess of ammo- 
nium hydroxide (§70, 6t). This reaction also detects stannous salts in the 
presence of stannic salts. 

.J. Tin in the Marsh apparatus is reduced to the metal, and tlien by solution 
of the residue in HCl, forms SnCla , which may be detected by Ihe reduction 
of HgCl:: to HgCl or Hg° (§71, 6/), and by the action in fixed alkali solution 
upon the strong ammoniacal solution of silver oxide (§71, 6i'). 

o. If the Zn in the Marsh apparatus is completely dissolved, the Sn must be 
looked for in the solution, which in this case must not be rejected. The tin 
remains as the metal as long as zinc is present (§135, 10). 

6. The presence of the tin may be confirmerl by its action as a powerful 
reducing agent (§71, 10). If it be present as Sniv , these tests must be made 
after reduction in the Marsh apparatus or in an open dish with zinc and HCl . 

§93. Qold. — 1. Gold will usually be met with in combination with other metals 
as alloys, and is separated from most other metals by its insolubility in all 
acids except nitrohydrochloric acid. 

2. If more than 25 per cent of gold be present in an alloy, as with silver, 
the other metal is not removed by nitric acid (§73, 5<7). Either nitrohydro- 
chloric acid must be used or the alloy fused with about ten times its weight of 
silver or lead, and this alloy dissolved in nitric acid when the gold remains 
behind. 

S. If the presence of gold is suspected in the solution, it should be precipi- 
tated with FeSOf before proceeding with the usual method of analysis. 

-). If gold be present (in the usual method of analysis) it will remain as a 
metallic residue in the Marsh apparatus, insoluble in HCl and may be identi- 
fied by the reactions for Au° . 

5. The reactions of gold chloride with the chlorides of tin forming Cassias* 
purple (§73, (Jr/) is one of the most characteristic tests for gold. 

§94. Platinum. — 1. Notes / to 't under gold apply equally well for platinum, 
except that it is necessary to hoil with FeSO^ to insure complete precipitation 
of the platinum. 

2. Oxalic acid is the best reagent for the separation of gold from platinum 
(§73, 6ft). 

S. The most important problems in the analysis of platinum consist in its 
separation from the other metals of the platinum ores (§74, 3). 
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§96. Manipulation. — The well washed residue after digesting the pre- 
cipitated sulphides of the second group (the Tin and Copper Group) in 
(11^4)28, may contain any of the metals of the Copper Group, and in 
addition frequently contains sulphur, formed by the action of the HjS 
upon oxidizing agents: 4FeCl8 + SHjS = 4'FeCl^ + 4HC1 + S^ . Pierce 
the point of the filter with a small stirring rod and, with as little water as 
possible, wash the precipitate into a test-tube, beaker, or small casserole. 
Sufficient reagent nitric acid (§324) should be added to make about 
one part of the acid to two parts of water and the mixture boiled vigor- 
ously for two or three minutes : * 

2Bi3S, + I6HNO, = 4Bi(N0,), + 4N0 -f 8H,0 -f 3S, 
6CdS -f IGHNO, = 6Cd(N03)3 -f 4N0 + 8H,0 + 3S, 

Mercuric sulphide is unattacked (§68, ik) and remains as a black pre- 
cipitate together with some sulphur as a yellow to brown-black precipitate. ' 
The precipitate is filtered and washed with a small amount of hot water. 
The filtrate is set aside to be tested later, and the black residue on the 
filter is dissolved in nitro-hydrochloric acid : 2HgS + 2CI2 = 2HgClo + So . 
This solution is boiled to expel all chlorine and the presence of mercur}^ 
determined by reduction to HgCI or Hg° by means of SnCU (§58, 6^7): 
HgCIg + SnCI^ = Hg + SnCI^, 2HgCl2 + SnCL = 2HgCI + SnCl^ ; or 
by the deposition of a mercury film on a strip of bright copper wire 
(§58, 10): HgCls + Cu = Hg + CuCIg . Confirm further by bringing in 
contact with iodine in a covered dish: Hg -\- L, =z Hgl^^ (Jannaesch. Z. 
anorg.y 189G, 12, 143). The mercury may also be detected by using 
NH4OH and KI as the reverse of the Xesslers test (§207, Glc) (delicate 
1 to 31,000) (Klein, Arch. PJiarm,, 1889, 227, 73). 

§97. Xotcfi.—L The concentration of HNO, (1-2) is necessary for the solution 
of the sulphides of Pb , Bi , Cu and Cd , and may also dissolve traces of HgS . 
However, the concentrated HNO;, (.s/>. (jr., 1.42) dissolves scarcely more than 
traces of HgS (§58, 6r). Lon^-continued boiling of HgS with concentrated 
HNOs changes a portion of the HgS to Hg(N03)2.HgS , a white precipitate, 
insoluble in HNO3 . 

2. In the use of nitrohydrochloric acid to dissolve the HgS, the HCl should 
be used in excess to insure the decoraj^osition of the nitric acid, which would 
interfere with the reduction tests with SnCla and Cu*' . One part of HNO, 
to three parts HCl gives about sufficient HCl to decompose all the HNO, , 
hence in this reaction a little more than that proportion of HCl should be 
used. 

3. A small amount of black residue left after boiling -the sulphides with 
HNO, may consist entirely of sulphur, which can best be determined by 
burning the residue on a platinum foil and noting the appearance of the 
flame, the odor, and the disappearance of the residue. The residue of sulphur 
frequently possesses the property of elasticity (§256, 1). 

4. Boiling the sulphides of the^ copper group with HNO, will always oxidize 

• If preferred the precipitate on the filter may bo washed with the boiling hot nitric acid of 
the above mentioned strength, pouring the same acid back upon the precipitate, reheating each 
time, until no further action takes place. 
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A trace at least of sulphur to H.SO, (§256, 6B, 2), which will form PbSO* if any 
lead be present: 

S, -h 4HN0, = 2H,S0, + 4N0 
3PbS + 8HN0, = SPbSO^ + 4H,0 + 8N0 

If the boiling be not continued too persistently, the amount of FbSO^ formed 
is soluble in the HNO, present (§57, 5c), and does not at all remain behind 
with the HgS . 

o. If the Sb and Sn are not removed, through an insufficiency of (NH«)2Sx 
they will appear as a. white precipitate mixed with the black precipitate of 
HgS , due to the fact that HNO. decomposes the sulphides of Sb and Sn , 
forming the insoluble SbjOs and SnOz: 

GSbjS, + 2OHNO3 = eSbaO^ + 9Sa -f 20NO + 10H,O 

6. Traces of mercury may be detected by using a tin-gold voltaic couple. 
The Hg deposits on the Au , and can be sublimed and identified with iodine 
vapor. Arsenic gives similar results (Lefort, C. r., 1880, 90, 141). 

7. Mercury may quickly be detected from all of its compounds by ignition 
in a hard glass tube with fusion mixture (Na^CO, -f- KjCO,) (§58, 7), and then 
adding a few drops of HNO, (concentrated) and a small crystal of KI . Upon 
warming the iodine sublimes and combines with the sublimate of Hg , forming 
the scarlet red Hgl, . As and Sb both give colored compounds with iodine, de- 
composed by HNO, (Johnstone, C. N., 1889, 59, 221). 

§98. Manipulation. — To the filtrate containing the nitric acid solution 
of the sulphides of Pb , Bi , Cu , and Cd , should be added about two cc. of 
concentrated H2SO4 and the mixture evaporated on a sand bath or over 
the naked flame in a casserole or evaporating dish until the fumes of 
H2SO4 are given off: 

Pb(NO,), 4- H3SO, = PbSO, 4- 2HN0, 

Cu(N0,)2 4- H3SO, = CuSO, + 2HN0, 

About 20 cc. of 50 per cent alcohol should be added to the well cooled 
mixture and the whole transferred to a small glass beaker. Upon giving 
the beaker a rotatory motion the heavy precipitate of PbSO^ will collect 
in the center of the beaker, and its presence even in very 5:mall amounts 
may be observed. The filtrate from the PbSO^ should be decanted through 
a wet filter, and the PbSO^ in the beaker may be further identified by its 
transference into the yellow chromate with KjCrO^ or into the yellow iodide 
with KI (57, G/ and ft). 

§99. Notes,~l, In analysis, if lead was absent in the silver group, it is 
advantageous to test only a portion of the nitric acid solution with HjSO^ for 
lead, and if that metal be not present, the above step may be omitted with 
the remainder of the solution and the student may proceed at once to look 
for Bi , Cu and Cd . If, however, lead is present, the whole of the solution 
must be treated with H2SO4 . 

2. The nitric acid should be removed by the evaporation, as PbS04 is quite- 
appreciably soluble in HNO, (§57, 5c). " 

3. The H3SO4 should be present in some excess, as PbSO^ is less soluble in 
dilute H.SO^ than in pure water (§57, 5c). 

J^. Alcohol should be present, as it greatly decreases the solubility of PbSO^ 
in water or in dilute H2SO4 (§57, 5c, 6e). 

5. Too much alcohol must not be added, as sulphates of the other metals 
present are also less soluble in alcohol than in water (§77, 5c). These sul- 
phates, if precipitated by the alcohol, are readily dissolved on dilution with 
water. 
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G. If the {NH,)iSi had not bec?n well removed by wikshinR-, ammonium sul- 
phate would be preeeot at this point, greatly iucrtfatsing^ the solubility of 
PbSO, (g57, rw). 

§100, Manipmlatioa, — The filtrate from the PbSO^ should be boiled tu 
expel the alcohol (or if Pb be abBent evaporate tho nitric acid giolution of 
division B) and then earefuliy neutralised i^ith NH^OH . An excess of 
HH^OH should be added to dissolve the precipitates of CufOHj^ and 
Cd{OH)j , leaving the Bi(OH)a ae a white precipitate. The sohition slionid 
be filtered, the precipitate thoroughly washed, and then treated upon the 
filter with a hot solution of potaBsium staunitOj E^SnO^ . A black pre- 
cipitate is evidence of the presence of Bi (§70^ Gtf). 

§101. Nof4;s.—L If the precipitate of the sulphideH of the second group was 
not well washed, the hydroxides of the metuLs of tht^ iron proup (Al , Cr and 
Fe) may be present at this point* The precipitate of A1(0H:)« would be white, 
but would not give a black precipitate with K^SnO^ . 

2. If an iiiBuffieient quantity of (KHJ^S, w:is used, Sb and Sn would be 
present and g'ive a white precipitate with the NHiOH - 

.?, If the lead had not been remove«l it won hi iippnn- as a white precipitate 
with the NH^OH, and would g-ive a brnwnLsh4jl:it*k precipitate with tht.* hot 
X^SnO, (557, 6f/). The presence of a permanent white precipitate with M^^OH 
must never be taken as tiual evidence of the presence of Bi . 

j. As a confirmatory ti^Kt for the presence of Bi , a portion of the white 
precipitate with NK^OH should be dissolved in HCl and the solution evapo- 
rated nearly to dryness to renifive the excess of HCl . Now upon adding^ 
water, a white precipitate of BiOCl ^ bismuth oxychloride, will be obtained if 
Bi is present (&7e, 5d), 

§102. Maiiipiilatioii,^'If the aminoniflcal filtrate from the Bi(0H)3 is of 
a blue color^ that is suilicient evidence of the presenee of Cu unless nickel 
was precipitated in the second group. In absence of a blue color a portion 
of the solution should be acidulated vnih acetic aeid and then to this solu- 
tion a few drops of potassium ferrocyanide, K^Fc(CN)fi.t should be added. 
A brick-red precipitate is evidence of copper. Or to the acidulated solu- 
tion a bright nail or piece of iron wire may be addedj obtaining a film of 
metallic copper. If sufficient copper be present to give a blue cobr to 
the solution, before testing for cadmium a solution of KCN should be 
added until the blue color disappears. Then the addition of H^S will 
give a yellow precipitate for cadmium. 

gl03. Nates.— 1. The precipitate of the brick-red CUare(CN), is a much more 
delicate test for copper than the blue color to the nmmoniacal solution (|77, 
6ft). Cd gives a white precipitate, insoluble in the acid. 

k. The student should not forget that in the regular course of analvais a 

I trace of copper may be lost by the solubility of the sulphide in (HHJ.Sx . If 
mercury has been shown to lie absent, the sulphides of the tin group (second 
Jifroup, division A) should be dissolved by the addition of a fixed alkali sulphide 
(171, 6f), KjS or Na^S , which does not dissolve CuS , In case mercury be 
present, the presence or absence of small amounts of copper must be deter- 
mined by the usual reactions for copper npon the original solution, having 
due regard for the possible interference of metals which the analysis haa 
shown to be present, 
5, Potaaaium cyanide, KCN, in excess changes cupric salts to ttie soluble 
I il 
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double salt of rnprona cyanide and potasKium cyanide. KvCtiCCN)* , which rs 
colorless and not precipitated by sulijhideR. With cadmiiin* huJUs the soluble 
double e.vanidt^, KiCd(CN)4 , is formed, which is decomposed by sulphides 
forming' CdS , yellow. 

4, If pri^f erred, the .siiiphidt*^ of On and Cd may be precipitated from the 
aiiiiiioniai'al Bolution hy H^fS and then the black CuS disHolved with KCH , 
leavinif a yellow precipitate of CdS * 

ff. Copper and cadmium may be separated from each other by reduction of 
the copper (from the ammoniacal solution acidulated with HCl) with SnCl. 
(177, 10): sCuCl, + SuCl, ^ 2CuCl + SnCI, , and its precipitation with milk 
of Bulphur (§77, ilr ), forming Cu^S , removal of the tin with KH^OH and the 
precipitation of the cadmium %vith H^S . 

6. Frnm the s^olntiouK of copper and cadmium acidulated wdth HCl , a hot 
solution of Nn-S^Ot precipitates the copper as CUjS (^77j^t'], while the cadmium 
remains in solution* From this solution the cadmium is detected as the sul- 
pbide by neutralisation with NH^OH and precipitatifnn with HjS or (WHJ.S. 

7. The ammoniacal solution of Cu and Cd may he precipitated with H.S » 
and the re&ulf mg^ sulphides, after tilterinir and washinjr. Innled with hot dilute 
H,SO, (one of acid to tlve of water). In this solution the CuS (577. 5r*) is 
unat tacked while the CdS is dissolved. The tilt rate upon dilution with water 
^ves the yeUow CdS with H,S or (NHJjS (§78, Be), 
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(Second Oroup^) 

Eutheninm, Ehodiam, Palladium^ Xridium, OsmiTun^ Tim^ten, yanadium^ 
Gennaniom, Tellurium^ Selenium. 

§104. Euthenium. En ^ 101,7 . Valence two to eight. 

1. TTO-p^TtieB.—SpeMftcgraritif, 11.0 to 11.4 (Devillc and Debray, C, r., 1S75, 83. 
925)* Next to osmium it is the most diilicultly fusible of adl the platinnm 
metals. A black powder or a grayish -white crystalline brittle tnetaL 

2. Occurrence,^! n small quantities in ptatj«um ores. 

3. Preparation, — Ig^nite the Ft residues in a st-..an3 of chlorine in presence of 
NaCl. Dissolve the fuaed mass in H,0 , add Kl^O^^ « neutralize with Na^CO* ^ 
evaporate to dryness and extract the double nitrites with absolute alcohol 
(aeparation from rhodium)* xldd water to the solution* distill of the alcohol, 
add HGl and obtain a red solution of potassium rnthenium rhloride, Thiy is 
changed to the double ammonium salt and then precipitated with HgCl, , 
which tjpon recrystidli^^atlon and ii'-nition i^ives pure R11 (Gibbs, Am. *S\, 1S62, 
(2>, 34, :j4u and :t55), 

4. Oxides and Hj^dxoxidee.— The hydroxides, Bu(OH), , Bu(OH), , and 
Bu(OH), , are precipitated from the respective chlorides by EOH , Tliey ar<* 
dark brown to black. Perruthenic anhydride or acidt BuO« , is a ir'olden 
yellow crystalline pow^der* volatile even at ordinary temperatures. It has a 
peculiar odor, somewhat like ozone, is sparins:b'' soluble in water, melts at 5i)'^ 
and boils at u little over 100" (DevHle and Debray, B., 187 S, 8^ 33S>). It i» pre- 
pared by heating- S^BuCI, with EOH into which a current of chlorine is 
passed or by distillation of a Bu salt with XGlOg and HGl, The vapor is 
yellow aod is stronj^ly irritating to the membrane of the throat. 

5* Solubllitlea.— Bu is soluble with difficulty in nitrohydrochloric acid, in- 
soluble by fusion with EHSO^ , but is soluble by fusion with KOH , esi>eeially 
in presence of KNO. . Soluble in chlorine, forming a mixture of BuCl, , 
EuClj , and BtiCI, , The double nitritei are ioJubie in water and alcobol (sepa- 
ration from rhodium). 
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6. Beactions. — The alkalis precipitate from riitlienic chloride the dark yellow 
hydroxide, soluble in acids, insoluble in llie fixed alkalis, soluble in NH4OH 
with a greenish-brown color. HjS precipitates slowly the black sulphide 
(formed at once by {'N'H.t)nS)j the solution becoming blue. The sulphide is 
ineoluble in alkali sulphides. KI gives ^\ith hot solutions a black precipitate 
of ruthenic iodide. KCNS forms, after some time in the cold, a red coloration, 
"which upon heating assumes a beautiful violet color (characteristic). The 
double nitrites are soluble, and if to the solution (NH4)2S be added, a char- 
actetristic crimson red liquid is obtained. Vpon standing the solution becomes 
brown, or a brown precipitate is caused by excess of the (NH4)aS. 

7. Ignition.— If RuO^ be heated to a dull-red heat the violet-blue dioxide is 
formed (Debray and Joly, C. r., l^<88, 106, 328). 

8. Detection.— By oxidation and distillation as BUO4 . 

9. Estimation. — Reduced to the metal and weighed as such. 

10. Oxidation. — BuO^ heated with HCl forms BuCls , evolving chlorine. 
^ai^S — X is changed to BuO* by distilling with KCIO, and HCl. Zn reduces 
Bu solutions to the metal, with an indigo-blue color during transition from 
Buiv to Bun . 



§105. Rhodium. Rh = 103.0 . Valence two, three and four. 

1. Properties.— -S'/>fri//c 'jrarity, 12.1 (Deville and Debray, C. r., 1874, 78, 1782). 
Melts more difficultly than Pt . It is a white metal, nearly as ductile and 
malleable as Ag . The metal precipitated by alcohol or formic acid appears as 
a black spongy mass (Wilm, B., 1881, 14, 029). 

2. Occurrence. — Found in platinum ores. 

3. Preparation.— Fusion of the Pt residues with Pb , digestion with HNO. 
and then CI , converting the Bh into the chloride, from which solution it is 
precipitated as the double ammonium chloride bv fractional precipitation. 
See Gibbs (J, pr,, 1865. 94, 10) and Wilm (B., 1883, 16, 3033). 

4. Oxides and Hydroxides. — Bh(OH)s is precipitated from a solution of 
sodium rhodium chloride by an excess of KOH . It is a black gelatinous pre- 
cipitate, forming the oxide upon ignition. Rhodium fused with KOH and KNO, 
gives EhO, , a brown powder, insoluble in acids or alkalis. 

5. Solubilities. — The pure metal or the alloy with Au or Ag is almost in- 
soluble in acids; alloyed with Bi , Pb , Cu or Pt , it is soluble in HNO, (Deville 
and Debray, /. c). Attacked by chlorine the most easily of all the Pt metals. 
The precipitated metal, a gray powder, is soluble in HCl in presence of air to 
a cherry-red color. 

6. Beactions. — Alkali hydroxides and carbonates precipitate solutions of Bh 
salts as Bh(OH), , yellow, insoluble in acids, soluble in excess of NH4OH , 
forming a rhodium ammonium base, precipitated by HCl as a bright yellow 
crystalline salt, chloro-piirpureo-rhodium chloride, Bh(NH,)ACl, . Alkali 
nitrites precipitate alcoholic solutions of rhodium chloride as alkali-rhodium 
nitrite (Oibbs, Am. S., 1862, (2), 34, 341) (separation from ruthenium). From 
a hot solution of Bh salt, HjS precipitates the sulphide, insoluble in the alkali 
sulphides; the sulphide precipitated from the cold solution is soluble in alkali 
sulphides. KI precipitates from hot solutions a black-brown rhodium iodide. 

7. Ignit ion. — When the metal or its compounds are repeatedly fused with 
HPO3 or KHSO4 * the corresponding Bh salts are formed. The mass fused 
with KHSO4 is soluble in water to a yellow color, turning red with HCl . 

8. Detection. — By ignition as given above. Also to the concentrated neutral 
solution add fresh NaClO solution. To the yellow precipitate add a small 
amount of HC,HaO, and shake till an orange-yellow solution is obtained. 
After a short time the solution becomes colorless, then a gray precipitate 
separates out and the solution assumes a sky-blue color (Demarcay, C. r., 1885, 
101, 9r,l). 

9. Estimation. — It is reduced to the metal and weighed as such. 

10. Oxidation. — Solutions of rhodium salts are reduced to the metal by Zn . 
All Bh compounds are reduced to the metal by heating in a current of 
hydrogen. 
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§106. Palladium, Pd — 107.0 , Valence two and four. 

1, Properties,— *S/Jt<i7l*^ ijravity, VIA (Devi He antl Debray, C. r., 1K57, 44, 1101), 
Mtithitj ii<ihiU Jibout lalJO" (Vlolle, (', r,, l^Ts, 87, ^nI). It eontUnrts eJeetricity 
about out?-(?ighth as well ^is silver ( Matlhiesi^eii* P<mu^* IHM^^ 103^ 428 J, Falla- 
tliuuj bais aboui the color and lualre of silver. The met til when only aJig^htly 
heatetl a^Siumes a rainbow tuit from green to violet. Because of its j^eneral 

roperties, it is to be classed tvith the platinum metals, ^et in its reactton 
'>rith aeida it Ib markedly diffietent* In the air at ordinary temperature it is 
but sHgbtly tarnished, but at a red heat it becomes covered with a coatmg of 
the oxide. The finely divided met alt iMiUaditim ^ptttajv, abi!orb£^ many times its 
volume of hydrog-eiij retaining- the most of th« hydrogen fven at 100° , At a 
Uigli heat the hydrogen is all driven off. It is mneh used in gas analysis for 
the ji^eparation of hydrog-en from other gases (HemiH*!, B., 1879, 12, 636^ 1006). 
Also used for scale graduations of the best aeieiitifie inHtruments, 

2, Occurrence. — It is a never-fuiling element in the platinum ores^ native or 
alloyed with Pt » Au or Ag . 

:i. Preparation.— The obtain! ag of pure palladium involves its separation from 
the other platiuniii metals, i.e., platinum, iridium, osmium, rhodium and 
rutheninm. The student is referred to the various works on metallurgj-; also 
to the following: Bunaeu, A., 1&68, 146, 265 j Wilm, if., 18S5, 18, 2536; and MyliuA 
and Forster, B., lH\i2, 25, *5i35, 

4. Oxides and HydroxldeSt— Falladtum tuonoxide* PdO , is the most stable of 
the oxitJeiS of Pd . U is formed by the geutlc ignition of Pd(irOi)a or the 
precipitation of FdCl^ with I^a^CO^ , forming PdtOH)^ » and then igniting. 
Palladic oxidt\ FdO. , when gently ignited loses half its oxygen, becoming PdO , 

.'j. SoluhUittes.— ij. — AIchiL^ii is slowiy dissolved by boiling with HCl or 
H:r30,: HNO, tlisisolvea it, even In the cold, forming 'Pd(N05)3 , It is more 
readily soluble m nitrohydrochloric acid, forming PdCl* , It isi not at all 
attnekfd by H^S . An alcoholic solution of iodine blackens it, and when fused 
\%'itb KHSO^ it becomes the sulphate (distinction from platinum), b. — Ori(ir».— 
PdOj is soluble in HCl with evolution of CI, forming PdCl^ , Pd(OH), is 
readily soluble in acids forming palladous salts. e.^Soltn, — raHadic chloride, 
PdCl^ , the most stable of the palladic salts is deconjjiosed by boiling %vlth 
water or by much dilution with cold %vater, forming PdCl- , It fomis double 
chlorides with other metals, as calcium palladic chloride. CaPdCI, . which for 
the most part are stable, and soluble in water and alcohol. Potassium palladic 
chloride, K,PdCU , is but sparingly soluble in water, insoluble in elcuhol: par- 
tiallv rlt^romjiosed by both solvents. 

Palladous thlmidc is readily soluble in water with a browniBh-red color; with 
metallic chlorides, it forma double chlorides, as potassium-palladous chloride, 
£,PdCl^ , all of which are soluble in water.^Palladous iodide is insoluble in 
water, alcohol or ether: insckible in dilute hydrochloric acid or hydrtodic acid; 
slightly soluble by iodides and by chlorides. — Palladous mVrflrr. FdiNOj, , is 
soluble in water with free nitric acid: the solution being ileconiposcd by dilu* 
tion, evaporation* or by standing, with precipitation of variable ha sic nitrates.— 
Palladous sulphate, PiSO^ , dissolves in w*ater, hut decomposes in solution on 
standing. 

0. Reactions, — Palladous cliloride is precipitated by potassium, hydroxide or 
sodium hydroxide; as brown basic salt or as brown pfiUtidmin hf/<trox\det 
Pd(OH). , soluble in excess of the hot reagents. Ajnmonlum hydroxide gives 
a fiesh-red precipitate of pGUadiQ-dhimmorHttm chloride, (HHJ^rPdCl, . The flesh- 
red precipitate is soluble in excess of the am mo a la, and from this solution 
repreci pita ted by hydrochloric acid, with a yellow color. The iixed alkali 
csarbonates precipitate the hydroxide; ammonium carbonate acts like the 
hydroxide. — Potassium cyanide precipitates palhuU/m ctmHidi\ Pd(CN). , white, 
soluble iu excess of the reagent. Phosphates give a brown precipitate, — 
Hydro sulphuric acid and sulphides precipitate the dark-brown pnUfidouB 
suiiihidr, PdS , insoluble In the ammonium sulphides, soluble in nitrohydro- 
chloric acid. Potassitim iodide precipitates paHfidfius mdide^ Pdlj , black, visible 
in 500,000 parts of the solution, with the slight solubilities stated in 5r, an 
important separation of icdine from bromine. In very dilute solutions, only a 
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color is protliiced, or the precipitate separates after warming^^ At a red heat, 
the preciiJitate ie* decompos*?d. 

Palladous nitrate ghVB most of the ahove react Ioob; no precipitate wiih 
ammonia^ and a less eomidete precipitate with iodides, 

7, I^ltion. — Snarly all the palladium compouiDdfe are redueed hy lieat, before 
the blow-pipe, to a " spong-e/' If this be held in the iuner ilanie of an alcohol 
lamp, it absorbs carbon at a heal below redness: if then removed from the 
Hame, it glows vividly id the air, till the carbon Is alJ burnt away (distiaetion 
from platinnm). 

8. Detection. — Palladiun: is precipitated with the second group metals by H.S, 
not dissohfil by {K'H^)^^! ^separation from the tin {^-ronp). It is distinguished 
from mercnry by its preeipittitjon as a cyatjide with mercuric cyanide* It i^ 
precipitated from cjoite dilute solutions by KI f distinct ion from Bi and Cd); 
an excess of the KI dissolves the black palladons iodide, Pdl^ , to a dark brown 
solution. KCNS does not precipitate palladium salts* not even after the addi- 
tion of SO^ (sepiiration from Cu). The addition of H^SO^ nnd alcohol separates 
lead from palladium. Tlie presence of the met a I should be further confirmed 
by reduction and study of the projierties of the ** sponge " obtained, 

D. Eatiniation,--{/) As metallic palladium, to which state it in reduced by 
mercuric cyanide or potassium formate, and itrnition, first in the air and 
then in hydrogen gas. (2) As K.PdCU . Kvuporate the solution of palladje 
chloride with potassium chloride and nitric acid to dryness, and treat the mass 
w-hen cold with alcohol, in which the double salt is Insoluble, Collect on a. 
weighed filter, dry at 100"^, and weigh, 

10. Oxidation, — Palladium is reduced as a dark -colored precipitate, from all 
com pounds in solution, by sulphurous acid, stannous chloride, phosphorus, and 
all the metals which precipitate silver (§59, 10). Ferrous sulphate reduces 
palladium from its nitrate, not from its chloride. Aleohol, at boiling beat, 
reduces itj oxalic acid does not (distinction from gold §73^ 66). 



§107» Mdiiim* Ir— 193,1 . Usual valence three and four. 

1. Properties.— ^>fci;7c/7rff?Hfjt/, 22,421 (Doville and Tlehray, r. r., 1875» 81, 839)/ 
Melting poutt, 1950* (Vlolle, C, r., 1S79, 89, 702). When reduced by hydrogen it 
in a gray powder, which by pressing and igniting; at a white heat changres to a 
metallic mass capable of takings a polish. It is used mostly a» an alloy with 
platinum, formini?- a very hard, durable material for standard weiprhts and 
meastires. A platinum -iridium dish containing- 25 to 30 per cent iridiuni is not 
attacked by nitrohydrochloric acid. 

2. Occtirrence.— Found in platinum. orea» usually as an alloy with pIatiTi\im 
or osmium. 

3. Preparation. — The platinum residues are mixed with Ph and FbO and 
heated at a red heat for one-half hour, then treated with ocids. The residue 
contains the iridium n.s osmium iridium or platiiiuni-iridium with other plat- 
iiium metals. Tills residue is mixed with NaCl in a glass tube and heated to 
a red heat in a current of chlorine. Much of the osmium passes over as the 
Tolatile perosmic acid, and is condensed. The double sodium chlorides of Ir , 
Os, Rh, Tt ^ Pd and Ku are disKolved in water filtered and, vvhen boiling hot, 
decomposed by H,S , The iridium is reduced from the tetrad to the triad, but 
is not precipitated \intil after all the other metals. By sloppinjEr the current of 
HaS just as the brown iridium sulphide bej^ins to form» a eoinplete separation 
can be made by filtration. By recrystalli/ation the ptire sodium dotdde salt, 
6NaOb2lrCl3 -]- 24H,0 , is obtained, which is Hianged to the tetrad ammonium 
double salt, (ia"H4)aIrClfl » by the addition of JTHjCl and oxidation with chlorine 
(Wcihler, Pogff,^ 18,^4, 31, liH), This upon ignitiim givcb the pure metal as 
iridium sponge. Or, the double sodium salt is ignited with sodium carbonate 
exhausted with water and reduced by ignition in a current of hydrogen, leav- 
ing the metal as a fine gray powder (See also 5100, 3), 

4. Oiddes and Hydroxides, — Irldiiim forms two series of oxides and hydrox- 
idesj the metal aeting as a triad and tetrad respectively. IrO, is formed by 
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igniting- the metal In the air nt a hrig^ht red heaf, henoe the HcaHng of plathium 
dUhes ichkh con la in indium, Th^ hydroxide^ Ir^OH), , is furinecl by boiling' a 
solution of th*^ trichloride, IrCl^ , in a fixed alkjih hydrfivide orcarbonnte. 
C» refill addition of KOH to IrClj in a vessel full of litjuid aud closed to exclude 
air givL^H Ir(OH}, , easily oxidizt^l to Ir(OH)* tClau.s» J. />n, I84ti, 39, 104), 

5. Solubilities.— Fit\shly preei pit !U*h| iridiuov may be d^isohed hi uUrohydro- 
chloric acid. Tlu' i^ujtfd metal is insoluble in all acids. Its proper Kolveut is 
chlorine. Iridium trichloride, IrCla , is fioluble in water and forms with the 
alkali chloritleu double chloridesH soluble in svatcr, insoluble in alcohol. The 
tetrachloride with sodium chloride, Na^IrCli , b formed when the platinum 
residues mixed with NaCl are heated in a current ol chlorine. It is soluble m 
water. The corresponding* ammonium salt may be formed from thi^ sodium 
salt by precipitation from the concentrated solution with KH^Cl , a rcddish- 
brown precipitate^ soluble in 20 partes of water (Vauquelim •1. t'A>» I80tj, 50» 150 
and 225 J. The potassium double salt is sparinjjiy soluble in water. 

6. Beactions,— Fliced alkali hydroxides or carbonates precipUate from boil- 
ing solutions of iridium chloride, IrCl, or IrCl^ , iridium hy<lrox\d*% IriOHj* , 
dark blue, insoluhhi in all acids except HCl , rotassium nitrite added to a hot 
BOlutioa of iridium salts gives, first a yeUow color and finally a yellow^ precipi- 
tate, iasoluble in water or acids. Hydrogen sulphide reduces IrCl, to IrCl, , 
aud then precipitates the trisulphide* Ir^S, , brown, soluble in alkali sulphideg, 

7. Ignition. — When iridium is fused with potassium acid sulphate it is oxid- 
ized, but does not go into solution (diiferenci? from rhodium, §105, 7). Ip^itioti 
on charcoal reduces all iridium compounds to the metal. Fusion iu the air 
with sodium hydroxide or with sodium nitrate causes oxidation of the metal, 
the Iridium oxide formed being- partially soluble in the fixed alkali, 

8. Detection,— See 3 and 6. 

9. Estimation, — It is converted into the oxide by igniting with KHOi and 
then reduced liy ignition in no atmosphere of hydrogen, 

10. Oxidation. — Formic acid (from hot solution), zinc and H^SO^ or HCl 
reduce iridium compounds to the metal. SnCl^ , FeSO^ and H^C^O^ reduce 
tetrad indium to triad, but do not further reduce (separation from gold, §78, 
6i?t A and &). 



§108, Oamimn, Os = 191.0 . Valence two to eight 

1. Properties.— *S'pcrr7?r gi-urit^^ 32.477, the heaviest of all bodies (Deville and 
Dehray, C. r„ 1S76, 82, 1076). In the absence of air it may be heated above the 
vaporization point of Pt without melting- or oxidizing. In presence of air, 
when heated a little above the melting point of Zn , it burns to the volatile 
poisonous perosmic acid. OsO^ . In compact form it m very hard, cutting glass, 
and possesses a met alii t= lustre, with a bluish color resembling 2n. 

2. OccnrreneA. — Always present in the residues of the platinum ores, in com- 
bination with iridium. 

3. Preparation,— The iridium osmium alloy or other Os containing- material 
is finely divided and distilled itt a current of chlorine or with nitrohydrochlorio 
acid, the osmium passes into the receiver containing' KOH . By repeated 
additions of HNO^ and further distillation, the osmium may all he driven into 
the receiver. The distillate is treated with HCl and Hg and the amalgam 
igoited in" a current of hydrogen (Berzelius, P^m*^ JS2i>, 15, 208), 

4. Oaddea.— Osmium forms five different oxides, 0»0 , OsjO, , OaO, , OsO, ; 
0«0, . The first three are bases^ the salts of which have been hut Ut tie 
studied: OsOj forms salts with bases, and OiO, acts rather as aa indifferent 
peroxide, IVrosmic acid, OsO* , exists a a white glistening needles, melting 
under 100°, sparingly soluble in water, its solution having a verj" penetrating- 
odor, resembling that of chlorine. The fumes of the acid are very poisonous^ 
and canae infiammation of the eyes. H^S is recommended as an antidote 
(Clauss, A,, 1847, 63, 355), 

5. SolubiUtlei,— The metal in compact condition \% not at all attacked by any 
add. The precipitated metal is a lowly dissolved by nitrobydrochloric or fum- 




ii 



134 



TUNQh'TEN. 



§108, G. 



ing nitrk acid* Bj beating the metaJ in a enrrent of chlorine a mixtare of 
ObCI, and OsCl* is formed. They ate both »in«tnhle, 

*4, Eeactions,— Peroawiie acid, OsO, , when boiled with alkalis, la reduced to 
ot^mates, as K^OsO^ - A sol ul ion of perosmic acid decolors Indigo, oxidizes 
alcohol to altleliyde, and liberiit*!S iodtntf from potassium iodide, la the pre^ 
ence of a strong njineral acid, H^S preeipitatee osmium 8vilpLiik\ 0^^ , brtiwn- 
ish black (Claus, J. pi., ISOO, 79, 28); insoluble in alkali bydroxides, carbonates 
or sulpliides. 

7. Ignition, — Osmium when heated on a piece of platinum foil gives an in- 
tensely hiiTiiDous flame of hhort durxition. By holding the foil in the redneing 
flame and then again in the oxidising flame, the luminosity may he repeated. 
If a mixture of the metal or of the sulphide and potassium chloride be heated 
In a current of chlorine, a double Bait of potassium osmic chloride Im formed, 
sparingly soluble in cold water, more readily in hot water* Alcohol precipitates 
it from its solutions as a red cryutalline powder. 

8. Detection.— liy thi> intensely luminous flame when ignited on a platinnm 
foil; by oxidation and distil kit ion as pt'^rusmic acid and identification by odor, 
action on indigo and on potaBBJum iodide* 

0, EBtimation.—It is w^eighed as the metal (see 3). 

10. Oxidettion. — OaO^ is reduced to 0«0j by ferrous f^nlphate, Zn and many 
other metals in presence of strong acids precipitate the metal* The metal is 
also obtained from all osmiuin compounds by if^nition in a current of hydrogen^ 



§109. Tungsten (Wolframmm). W= 184. Valence two to bix. 

1. Properties*— iSpr'^i/fr fifrati7^/» 19,129 (Koscqf, A.^ 1872, 162, 359)* A tin-white 
or steel-gray metal, brittle, harder than agate, That precipitated from acid 
solutions is a velvet-black powder. Non-magnetic. Stable In the air at ordi- 
nary temperature; burning at a high temperature. It decomposes steam at a 
red heat. 

2. Occurrence,— Tungsten does not occur in nature io large amounts, nor is 
it widely disseminated. The most common tnngsten minerals are seheelite, 
CaWOt , and wolframite, FaWO^ and UnWO^ , in variable proportions. It never 
occurs native. 

a. Preparation.— By reduction of WO, in H at a red heat (Zettnow, Pof^g.^ 
I8fi0, an, IG); by ignition of WO, and JTa under NaCl . Tunp>:tic ncid of 
commerce is prepared by ignitinj^ for several honrs: 100 parts NatiCO^ , ignited; 
150 parts finely ground wolframite; and 15 parts HaNOj , The cooled mass is 
exhausted with water and the flit rate poured into hot, inoderateiy concentrated 
HCl (Franz, J. pj\, 1871, (2), 4, 238), 

4, Oxides. — WOf is obtained as a brown powder by decomposing WCl^ with 
water (Roscoe, I. c.). WO^j is a lemon-yellow% soft powder, insoliible in water 
or acids. It is formed by ignition of the metaU low^er oxides or decomposable 
salts in the air. The ijlne tungsten oxides are compounds between WOa and 
WO,. 

5. Solnbllitiea.— The metal is scarcely at nil attacked hy HCl or H.SO, , slowly 
by HNO, or nitrohydrochloric, slow^ly soluble in alkalis. The halogens com- 
bine directly upon heating. WOt is readily soluble on heating with HCl and 
H^SO, to a' red color. It is also soluble in KOH with red color, evolving 
hydrogen. Both the acid and alkaline sohitions deposit the blue oxide on 
standing (von der Pfordten, 4„ IS84, 222, 158). WO, is insoluble hi water or 
acids, not even soluble in hot concentrated H^SO^ . Soluble in SOH , K^COj 
and NH^OH . In an atmosphere of CO^ it reacts with the chlorides of Ca p 
Mg, Co, Ni and Fe (not with those of Pb , Ag , K and Na), e.g., Mdj + 
2 WO, =: MWO. -h WO^Clj . Heated with chlorine, WO.Cla is formed, and also 
WCl^ , decomposed by water, S , H.S or HgS form WS, on heating with WO, . 
Soluble alkali tungstates are formed by fusioti of the acid, WOi, , with the 
alkali metal carbonates, more bIowIv by boiling with the carbonates. Acids 
form, from solutions of the alkali tungstates, a %vhite precipitate of the 
hydrated acid turning yellow on boiling, insoluble in excess of the acids (dis- 
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tinction from MoO„), soluble 
acid to the metiitiinjs^stic ucUi 



in NH^OH* Phosphtirie acid chanR"es tungstm 
wJiiijh is soluble hi water and not precipitlited 



hj other acitls. Long- boiUiiy of the soJution of inetatim^^stic aeid cuust^s I he 
precipitation of timgstic acid, Fusjon of WO^ with KHSO^ gives a compoinid 
of potassium tung-state and tuuj^atic acid, not rendilir" soluble in water but very 
readily soluble in (NH^)3C0> (distinction frum fiilica, §249, :>). 

6. Keajctlons.— Solutions of waits of Ba , Ca , Pb , Ag; and Mg produce white 
precipitates with solutions of alkali tung-states. H^S prucipitatei^ WB, 
from acid solutions, the sulphide dissolviiigr readily m (KHjaS , forrainjur a 
thlotun^state (NHJ^WB, . The tungstates, like the molybdatcs, form comiilcx 
com pounds with phosphoric ackL t- <v. phosphomolybdat.es and phospho tung- 
states, which react very airailarly with ammonjum salts and with ori^anic hasea 
(575, t>d). K^Fe(CN)fl g^ives with tungstates (in presence of acids) a deep 
brownish-red fluid, forming after some time a precipitate of the same color* 
Solution of tannic acid gives a hrown color or precipitate* 

7. Ignition.— With NaPOj, , WO^ dissolves, on fusion, to a clear or yellowish 
bead In the oxidizing fiatiie; in the reducing flame it has a blue color, changing- 
to red on addition of FeSO^ , Heated on charcoal in presence of N&^COb with 
the blow- pipe, using the reducing fiame» the metal is obtained. 

8. Detection.— If a tungstate be fused with NaXO, » the mass warincd with 
water and the water then absorbed with strips of filter paper, the tungsten 
niay be detected by moistening the strip with HCl and warming, obtaining the 
yellow color of WO^; and the blue color of a lower oxide by moistening with 
SnCla and warming. (NH^jS does not color the paper, e^en after adding HCl , 
but on warming a blue or green color is obtained, 

0. Jlstimation. — It is converted into WO, and weighed as such after ignition, 
10, Oxidation.— WO B gives with SnCl, , or Zn in presence of HCl or H,SO, , 

n beautiful blue color, due to the formation of oxides between WO, aud WO, , 

Uu€ orides of tungsten (delicate and characteristic). 



§110, Vanadium, V— 5L4 . Valence two to five. 

1, PropertlBS, — Specific fjrarifi/, fj.5, A grayish non*inagnetic powder; slowly 
oridi^ed m the air, rapidly on ignition with formation of VaO^ , It forms with 
chlorine the dark brown tetrachloride, 

2, Occurrence.'^ It is often found in iron and copper ores and in some cla^^a 
and rare minerals, r.f/., vunndinite, 3Pb,TaOi -h PbCl,; volborthite, (Cu,Ca)tVaOa; 
mottramite, (Cu.Pb)aV^0,,,2H,0i etc, 

3, Preparation, — The vanadium ores are treated chiefly for the preparation of 
ammonium vanadate and vanadic acid. The ores are fused with KlfOa , form- 
ing potassium vanndate. This Is precipitated with Pb or Ba salts and then 
decomposed with H,.&0, , The vanadic acid is neutralized with NH.OH ntid 
precipitated with NH|C1 , in which it is insoluble. This upon ignition givea 
VjOa pure (Wohler. A., 1851, 78, 125). The metal is prejmred from the dichlo- 
ride, VCla * by long-eontinued ignition in a current of hydrogen. 

4, Oxides,— Vanadium forms four oxides: VO , gray: VaO* , black; TO, , dark 
blue; and V^Oj^ , dark red to nrange red, 

5, fiolnbllities,— Vanadium is ntit attacked by dilute HCl or H^SO^; concen- 
trated HjSO^ gives a grecaish-ycHDw solution; HNOj a blue solutiom VO dis- 
solves in acids to a blue solution with evolution of hydrogen. VjO^ dissolves 
in dilute HCl to a dark greenish-black solution. Chlorine forms with VjO, » 
VOCl, and V,Os . VOj dissolves in acids to a blue solution, from which solu- 
tions Ka.COj gives a precipitate of VjOj(OH)i -|- .'^HjO , grayish-white mass, 
losing 4H,0 at 10f>° and turning black, soluble in acids and alkalis. VjO* 
exists in several modifications with different solubilities in water, the rt*d 
modification being soluble in 125 parts of water at 20° (Ditte, C. r., issn, 101, 
696), Vanadic acid forms three series of salts, ortho^ met a and pyro, analogous 
to the phosphates. Most salts are the meta vanadates. The ortho compounds 
are quite unstable, readily changed to the meta and pyro compounds. Alkali 
vanadates are soluble in water» the ammonium vanadate least solnble and not 
at all in NH«C1 . 
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6, Heac dona.— Solutions of ran a die acid produce brown precipitJiteB with 
alkalis* iioluljle in ejcceps to a yellowish^brown ooior. I'otasAlum ferrocyanidc 
g-ive^a a green precipitate, insoluble in acriis* Tannic acid g-ives a blue-btack 
Bolution, which is said to make n deeirable iulc* Ammonium wulphide preci|ii- 
tati*«5 YaSa , brown, soluble with £ome difficulty in cxceBa of Ibe reagent to a 
redUiiih-brown th(0 salt. From this solutiou acids reprecipitate the brown 
vaiiadic sulphide, V^Ss , 

If to a Rointion of a %ai>adnte» neutral or alkaline, eolid H^^Cl be added* the 
Tanadium is eomplett?ly prcH'ipttated as NH^VOj , ammonium meta vanadate, 
crystalline, colorless, insoluble in NH4CI solution; upon ignition lu air or oxy- 
g^en, pure vanadic oxide, V^O^ , is obtained. 

7, Ignition*— Borax g^ireK with vanadium compounds \n the out^r flame a 
colorlcf^s bead, yellow if much vanadium be present ; in the inner flame a ^reen 
beadt or brown when vanadii>ra is present in lar^e quantities and hot, becoming 
green upon cooling'. All the lower oxides of vanadium ignited in air or 
oxygen give TaOa , 

8, Detection*^- Vanadium will almost always be found as a yanadate (2) fltid 
is detected by the reactions used in its purification (3): also by the reactions 
with reducing agents, forming the colored lower oxidized compounds (10). 

IK Estimation,— (/) It Ih preeipitatM cis basic lead vanadate and dried at 
100*, il) It is precipitated as ammonium vanadate, NH^VO^ , in strong 
ITHiCl solution, ignited to the oxide ITjOj , and weighed. 

10. Oxidation,— Zn , In solutions of vanadates %vith dilute H^SO^ , reduces the 
vanadium to the tetrad, a green to blue solution, then greenish-blue to green, 
the triad, and finally to lavender blue, the dyad. H.S redttces vanadates to the 
tetrad with separation of sulphur. Oxalic acid and enlphurons acid also reduce 
vanadates to the tetrad, the solution becoming blue* 



gill. Germanium, Ge = 72.5 . Valence two and four. 

1, Properties,— 8pfcr/l^ ^mvUih 5,469 at 20.4''; mrUinff point, D00° (Winkler, 
/, |jr,, 1S86, (2), 34, 177), A gray*white cr.vstalline metal. Fused under borax 
it gives a grayish^white regulus with a metallic lustre. It is stable in the air. 
▼olatilized at a high heat (Meyer, /I., 1887, 20, 497), and is easily pulverized- 
It burns in oxygen to form ger manic oxide, &eO;, * 

2, Occurreiice. — Tt is found in small quantity in argyrodite, a sulphide of 
Bjlver and germauiuni, ^^Ag.S + Q^S. , a silver ore from Freiburg, Saxony. 
It is also found in euxenite from Sweden (Kriiss, C, C, 18«B^ 75), 

3, Preparation.— It is formed by reduction of the oxide, GeOj , with H ^ C 
or Mg (Winkler, if,, 1891, 24, 891); also by reduction of the sulphide in H . 

4, Oxides,— Tt forms two oxides, GeO and GheOa , To prepare pure GeOa , the 
iDlnerul argyrodite Is pulverized and intimately mixed with equal weights of 
Ka^jCOg and S and heated to a good foil ignition. The mass must be added 
carefully to prevent foaming. The fused mass is exhausted with H.,0 , the 
germanium going into solution as a thiosalt. With a decided excess nf H^SO« , 
ihe sulphide is completely preeipi taxed. The precipitate is now dissolved in 
KOH , the sulphides of A g , On and Pb remaining undissolved. By adding to 
the KOH solution H^SO^ not quite to neutralization, the As and Sb sulphides 
are precipitated on boiling, while the GeS remains in solution with some 
AsjS,; H.S is carefully added to the solutkm until the Afl.Si is all precipitated, 
then the fiUrate is made strongly acid with H.SOi , and the solution evaporated 
till SOj fumes escape. The mass is dissolved in hot w-ater, and npon cooling 
G«Og crystallizes out (Winkler, L t\). 

5, Solubilitiea.— Germanium is ins^.luhle in HCl , soluble in nitrohydrochloHe 
acid as GeCl, , and oxidized with HNQ, to GeO, . Hot concentrated H,SO^ 
evolves SO3 and forms Ge(SOj, , Insoluble in KOH solution but dissolves 
with incandescence in fused KOH* It unites directly with CI, Br and I 
(Winkler, he). Germanic oxide, GeO^ , is a white powder, very sparingly 
soluble in water or acids. Fused with fixed alkali hydroxides or carbonates it 
is converted into compounds soluble in water. GeCU is a liquid, boiling at S***; 
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it is decoiDpo!^<?H by waier. If a solution of the oxide in excess of HCl be 
evaporated to drj nti^ss tJie Ge is all volatilized. GeSa is soluble in 222 parts 
water, in alkali Hulphidesj and lo'droxidtjs; insoluble in HCl or H^iSO^ , whk*h 
preeipitate it from its soUitions: j^oJuble in nitrohydroehlorit' acid with separa- 
tion of sulphur, Nitric oxide changes* it to QeO, with separation of sulphur, 

6. KeactioiiBr — Germanium nalts give almost no characteristic reactions with 
the various reagents, H^S precipitates germanic sulphide, GeS, , white, from 
solutions of the salts quite strong^ly acid. The sulphide is soluble xt% ammonium 
fiuJphide, forniiugr a thio salt^ thus placing: 0e rn division A of the second group* 

7. I g-nitioxL— Heated before the blow-pipe in the reducing flame without an 
alkaline iiux the metal is fomied, and at the same time a white coatings of 
the oxide. It forms a eolorteas bead with borax, 

8* Detection. — In the mineral, argyrodite, by heating in an atmosphere of 
HjS or iliumiimting gas, an orange-yellow subUtnate is obtained, which may be 
examined under the microscope and in the wet way (^aushofer, C* C-, 1888, 
SflT). 

9, Estimation, —It m converted into the sulphide, 0«St , and then heated 
with HUO, find weighed as Q-eOj ♦ 

Ux Oxidation,— Zn in arid solutions of Oe salts precipitates the metal as a 
dark brown slime. Jf GeSa is heated in a current of H, ChaS ia at first formed 
with H,S, finally Ge^ 



§112, TeUuxinm, Te = 13T.o? Valence two, four and possibl}* six. 

a. Properties,— J^prrf^f^ gravity, 6,2445 (Berzehus, Poffff., 18.^4, 33, i and 577). 
Jfelfimf point, 452* (Carnclley and IVilliams, J, C, 1880, 37, 125). Te is crystal- 
line, s^ilver white, brittle, stable in the air and in boiling water: beati*d in the 
air, it burns with a greenish flame. In its general properties and reactions it 
stands clotely related to S and Se (2), 

2, Oceurrenee,— In few places and in small quantities in Germany, Mexico, 
Rnlivia. I tiited States and .lapan. Some of the minerals are; tellurite, TeOj; 
telradymite, SBl.Tej.BijS^i ferrotelluritc, TeTeO* , etc. It also occurs native. 

n. Preparation.— (/) Fusion with alkali carbonate and C, which converts it 
Into a telluridc, as Ka.Te; then solution in (air free) wuter, the air being 
excluded as much as poHisiblt, and the filtrate precipitated by passing air 
through the solution. Tlie Ta is precipitated as a gray metallic powder, con- 
taining w?iat Se may have been present. (2) Conversion into TeCl* by distilla- 
tion in a current of chlorine, decomposition of the chloride with w^ater to 
H^TeO, and precipitation of the Te with KHSOn . (t?) From lead chamber 
scale by digestior^ with Na^CO, and KCN . forming KCNTe , The decanted 
solution is acidified with HNOi and the Te prccijjitiitcd with H.S (Schimose, 
r, A\, 1884, 4fl, !57). (J) For purification of the commercial Te , see Brauner 
(Jf., 1889, 10, 411) and Schimose (C, ^\, 1S64, 49, 2ii, and 1SB5, 51, U)9). 

4. Oxides and Hydroxides^—TeO is said to be formed by heating TeSO, !n a 
vacuum ahovp 180°: TeSO^ = TeO -|- SOj (Divers and Schimose, V. N., 1RH3, 47, 
221). TeO™ forma when Te is burned in the air, and when TeCl* is decomposed 
by boiling water* It is a while crystalline solid, sparingly soluble in H,0 , 
more soluble in acids from which solutions water causes a white precipitate of 
TeO, or HiTeO, . H^TeO^, Is formed when a HHO^ solution of Te is immediately 
poured into cold water, warming to 40*" chungcs it to TeOa . HsTeO^ is made 
by fusing TeOj with K^Oj, , treating the K,TeO, so obtained w ith soluble lead 
or barium salt and decomposing this salt w^ith H.SO* or HjS , colorless crystals, 
insoluble in alcohol or ether-alcohol (separatioTi from H^O;). It can be 
recrystalH^cd from water and npon heating forms TaO, (Clarke, Am. 8., 1877, 
114, £81; 1S78, 116, 401). 

5. SoluMllties,— Te is insoluble in HCl; HHO| and nitrohydroehloric acids 
lUddize it to H^TeO^; in H,SO, it becomes H.TeO^ w^ith evolution of SO^ (Hilger, 
IJt^t 1874, 171, 211): soluble in warm concentrated solution of KCN, from w^hieh 
solution HCl precipitates all the Te . HjTeOj is fairly soluble In w^ater, red- 
dens moist litmus paper and easily decomposes into TeOj and HaO * Acid solu- 
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tions of TeO, are precipitated upon addition of water or upon standing. TeO, 
and HjTeOt form soluble alkali salts with the alkalis from which solutions of 
the other metallic salts precipitate the respective tellurites. H3Te04 is soluble 
in water, acids and alkalis; alkali carbonates form acid tellurates, less soluble 
than the corresponding normal salts. Solutions of the alkali tellurates form 
insoluble tellurates with soluble salts of the other metals, e.g., KaTeO* 4- 
BaCl, = BaTeO^ + 2KC1 . 

6. Beactions. — Tellurium is classed with second group metals because of its 
'precipitation from solutions of tellurites and tellurates by H,S . The precipi- 
tate is not a sulphide, but is Te mixed with varying proportions of S , for CSj 
removes nearly all the sulphur (Becker, A., 1876, 180, 257). In appearance the 
precipitate of Te with H,S very much resembles SnS , and is very soluble in 
(NH.),S. 

At a high temperature Te and H unite directly, forming HzTe (Brauner, If., 
1889, 10, 446). HaTe is best prepared by heating together Te and Te or Zn and 
decomposing these tellurides with HCl (analogous to the corresponding reac- 
tions with sulphur, §257, 4). A colorless gas, odor similar to H^S , bums with 
a blue flame, fairly soluble in water and is precipitated as Te** from its solution 
by the oxygen of the air. HaTe precipitates solutions of metallic salts very 
similarly to H^S and H^Se . 

7. Ig^nition. — Te combines on ignition with most metals to form tellurides. 
TeOg ignited, decomposes into TeO, and O . All lower Te compounds ignited 
with KNOg give KjTeO^ . All Te compounds give on charcoal with the blow- 
pipe a white powder, which colors the reduction flame green and disappears. 
Heated in an open glass tube, Te compounds give a sublimate of TeO, , which 
melts upon heating. Te compounds fused with KCN in a current of hydrogen 
form potassium tellurocyanate, KCNTe: soluble in water but precipitated by a 
current of air as Te** (distinction and separation from Se). Heated with NajCO^ 
on charcoal Te compounds give NasT^ , which blackens silver with formation 
of AgsTe . 

8. Detection. — By reduction to Te** and solution in cold concentrated H.SO^ 
to a purplish-red solution (characteristic). Separated from Se by fusion with 
KCN in a current of hydrogen and precipitation from the solution by a current 
of air. 

9. Estimation. — The Te compound is heated in a current of CI , TeCl4 being 
sublimed. This is decomposed by water to TeO, , which is reduced to Te** by 
SO, and weighed as such after drying at 100** . 

10. Oxidation. — Hydrogen at a high temperature reduces Te compounds to 
HsTe . HjS reduces Te compounds to Te** mixed with S . Fusion with KNO, 
oxidizes all Te compounds to K,Te04 . SO, reduces Te compounds to Te** . 
SnCl, and Zn in acid solutions give with Te compounds a black precipitate 
of Te** . Te compounds warmed with dextrose in alkaline solution are reduced 
to Te** . Tellurates boiled with HCl evolve chlorine and are reduced to HsTeO, , 
which precipitates as TeO, on adding water if too much HCl be not present 
(distinction from Se), 



§113. Selenium. Se = 79.2 . Valence two and four, possibly six. 

1. Properties. — Specifle gravity, of the red variety, 4.259; of the black variety, 
4.796 (Schaflfgotsch, J. pr., 1848, 43, 308). It begins to soften between 40** and 
50**; it is half fluid at about 100**, but is not completely molten until 250** 
(Draper and Moss, C. A"., 1876, 33, 1). The molten Se does not become com- 
pletely solid until cooled to 50**. Selenium with tellurium is closely related to 
sulphur, and like sulphur exists in amorphous forms (§256, 1). The precipi- 
tated Se is red. The brown or brown-black powder obtained by quickly cool- 
ing from the molten state is insoluble in CS, . Boiling point, 676** to 683** 
(Carnelley and Williams, C. N., 1879, 39, 286). 

2. Occurrence. — In no place abundantly; never native. It is found in com- 
bination with minerals in the Hartz Mountains, Sweden, Argentine Republic and 
Mexico (Billandot, C. N., 1882, 46, 60). It occurs in very small quantities with 
some sulphides of Fe , Cu and Zn . 
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3. Preparation. — In the l^^ad e^aTTibers of the H30» works it is foutid as a 
red (UpiiKjt with some S , Ab.O„ , Sb^Os . PbSO^ , etr. The Kcale is wQsht^fl with 
water ;iiid di^'-estecj with KCK Hoiutioii at hO'' to 100^% until the red color entirely 
disappears. The filtrate i& thi^n treated with HCl , which precipitates the Se . 
It is further pvirified bv oxidation to SeO^f , 3ubliD:ied and then reduced with 
SO, (Nilson, B., l«7i, 7/l719). 

4* Oxides and Hydroxides, — H.SeO, is prepared by oxidizing Se with HNO. , 
or nitrohydrochloric acid. H^SeOi evaporutcd to dryaess gives H^O and SeO, * 
crystalline, SeOj is also formed by burninfr Se in iitr or cixyi^'en; it hais un 
odor similar to decaying radish. It aiiblimrs ut ahont 200° ais a yellow vapor, 
condeniing' to white iieedks on eoolinnr. SeOji 'm not known, H.SaO. , pnre, 
is a white crystalline nmsia» melting at SS*, K.SeO^.H^O i^ crystalline at — 23°^ 
and i^ rccry&tallized melts at 25°. The selenic acid naiially obtained Is a thick 
oily liquid, resemblinjor H.jSO^ and containing about iKi per cent H^SeO^ . It is 
obtained by fusing Se or SeO^ with KNO;, and precipitation of the KjSeO, with 
soluble safti5 of Ba , Pb , Ca or Cu and decomposing tlie washed precipitates, 
suspended in woter, with H.SO^ or H;.S . 

5, Solubilities. ^Se dissDlves In cold concentrated H~SO« to a green colored 
eolation without oxidation (dilntlon with water precipitates the S«); if the 
solution be warmed SO^ is evolved and the green color disappears (dilution 
with water gives precipitate)* the Se being oxidi/.ed to SeO, , HNO^ and nitro- 
hydrochloric acid oxidize it to Se0.j , Selcnous oxide, SeO, , is soluble in ivater 
in all proportions, forming H^SeOj, . The iselenites and ^elenates of the alkuline 
earths are in^^olnhle nnd may be formed by adding a solution of the metal to 
an allcali selenite or selenate, f, if.j HajSeO^ + BaCL= BaSeO^ + 2NaCl . Many 
of the fielenites are soluble in excess of H^.SeO^ . Selenates are le?is stable 
than selenites* BaSeOi is soluble in HCl (dii^tinction and separation from 
BaSO,) nnd upon loug-continued boiling is reduced to BaSeO^ » 

ft, Bieaetions,— Selenoiis acid precipitates with H^S a mixture of Be and S, 
lemon yellow, bright red upon heating (Divers and Shimose, C N., 1SH5, 51, 
199), This mixture is soluble an (irHj)2S , hence in qualitative analysis Se is 
elapsed among the metals of division A, fiecoart group, while because of its 
general properties it belongs with sulphur. When Se and H are hen!*'d to* 
gethcr they begin to combine directly at 250**, forminir H^Ss (Ditte, C. f%, TS73, 
74, 9H0): which in prnctically all Its reactions is ^iaiilar to H.S . H.Se is also 
formed by treating K.Se . FeSe , etc.. with dilute HCl or H,SO, : HWO> gh-es 
HjSeO^ with se ten ides, H.Se is a colorless gas, odor similar to HaS but more 
penetrating. It is more poisonous than H.S , burns w^hen ignited, combines 
slowly but completely with Hg^ , evolving hydrogen. It dissolves in Avnter to a 
greater extent than H^^S » reacting acid and depositing red flakes of Se on 
standing. It precipitates the se lea ides of the metals having almost the same 
aolubilitles as the corresponding- sulphides {von Reeb, J. Pkarm., 18fj9, (4), 9, 
173). With fcobible sulphites H:Se gives a precipitate of a mixture of Se nnd S, 

7. Ignition,— When Se or compounds of Se are fused with KCH in a current 
of hydrogen, potassium selenocyanate, KCNSe , is formed. lacing boiling with 
HCl separates the Se , but this does not take plnce on exposure of the solution 
to the air (separation from teUuri\im), Selenium compounds heated on char- 
coal with Ifa.OOj are changed to Na^Be , which yields a black stain with Ag* 
and H^fSa with dilute acids. 

8. Detection,"If in solution as selenites it is precipitated with H^S (soluble 
Itk fHH,),S): oxidized to SeOj and obtained as the white, needles by sublima- 
tion* and red need from its solution in water to the red Se*' by SO^ , Tf present 
as selenides, decomposed by HCl or H.SO^ , forming H^Se , which is conducted 
into water and the Se° precipitated by passing air or oxygen through the solu- 
tion. 

9. EstimatlQn.— 0;sidized to aelenlc acid and preeipitnted as BaSeO, nnd 
weighed as such. If BaSO^ he present the precipitate is reduced in H , and 
the resulting BsSeO^ separated by solution in HCl , Selealdea are heated iu a 
current of chlorine in a hard glass tube, being converted into SeCl* * w^hich 
vaporizes and is decomposed in water: continued chlorinatlon of the w^ater 
solution forms H.SeO* , 

10. Oxidation.— Se'' is oxidized to StOj by HNO. , nitrohydrockloric acid^ 
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HzSO^ hot concentrated, by heating- in air or oxygen, etc. H,SeOs is oxidized 
to HjSeO^ by continued chlorination, and by fiision with KNO, . HjSeO^ is 
reduced to HaSeO, by boiling with HCl . S6a reduces selenous compounds to 
the red Se** , even in H3SO4 solutions (distinction from tellurium) (Keller, 
J, Am, Soc, 1900, 22, 241). HjS forms a precipitate of Se mixed with S . SnCl, 
precipitates Se° from HCl or HaS04 solutions of selenous compounds. 



The Ibon and Zinc Groups (Thibd and Fouhth Groups). 

§114. The HetalB of the Earths and the more Electro-Positive of the 

Heavy Hetals. 



27.1 


Lanthanum. 


La = 138.6 


52.1 


Neodymium 


Nd = 14.3.6 


66.9 


Praseodymium 


Pr = 140.5 


59.00 


Samarium 


Sm = 150.3 


58.70 


Scandium 


So = 44.1 


55.0 


Tantalum 


Ta = 182.8 


65.4 


Terbium 


Tr = 160. 


139.0 


Thallium 


Tl = 204.15 


93.7 


Thorium 


Th = 232.6 


106.0 


Titanium 


Ti = 48.15 


70.0 


Uranium 


TT = 239.6 


9.1 


Ytterbium 


Yb = 173.2 


114.0 


Yttrium 


Y = 89.0 




Zirconium 


Zr = 90.4 



Aluminum Al : 

Chromium Cr : 

Iron Fe : 

Cobalt Co : 

Nickel Ni ; 

Manganese Mn 

Zinc Zn ; 

Cerium Oe : 

Colunibium Cb : 

Erbium E 

Gallium Ga ; 

Glucinum Gl : 

Indium ItL : 



§116. The metals above named gradually oxidize at their surfaces in 
the air, and their oxides are not decomposed by heat alone. Zinc, iron, 
cobalt, nickel, and, with more difficulty, manganese, chromium, and most 
of the other metals of the groups, are reduced from their oxides by igni- 
tion at white heat with charcoal. They are all reduced from oxides by 
the alkali metals. Iron is gradually changed from ferrous to ferric 
combinations by contact \rith the air. Chromium and manganese are 
oxidized from bases to acid radicals by ignition with an active supply of 
oxygen in presence of alkalis ; these acid radicals acting as strong oxidizing 
agents. 

§116. The oxides and hydroxides of these metals are insoluble in water 
and they are precipitated from all their salts by alkalis. In the case of 
zinc, the precipitate redissolves in all the alkalis; the aluminum hydroxide 
redissolves in the fixed alkalis, but very slightly in ammonium hydroxide; 
the precipitate of chromium redissolves in cold solution of fixed alkalis, 
precipitating again on boiling; the hydroxides of cobalt and nichel dissolve 
in ammonium hydroxide. The oxide of chromium after ignition is insol- 
uble in acids; the oxides of aluminum and iron are soluble with difficulty. 

The presence of tartaric acid, citric acid, sugar, and some other organic 
substances, prevents the precipitation of lases of these groups ly alkalis. 

§117. Ammonium salts, as NH4CI , dissolve moderate quantities of the 
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hydroxides of inaTiganeae, zinc^ cobalt, nickel-, and ferrous hydroxide; but, 
so far from dissolvmg the hydroxide of aluminmn, they lessen it^ slight 
solubility in aramonium hydroxide, 

|il8. It thus appears that ammoniam hydroxide, with ammommn 
chloride, the latter necessary on account of magnesium (§189, iya), man- 
ganese (§1M, Ga), and aluminimi, will fully precipitate only aluminum, 
ckromiiim, and ferricum of the important metals above named. These 
metab therefore constitute the THIRD GROUP (§127), and the reagent 
of this group is AMMONIUM HYDROXIDE in the presence of AM- 
MONTL'^M CHLORIDE, Since aluminum, chromium, and ferricum are 
precipitated by ammonium hydroxide in the i>resence of ammonmm 
chloride (Pe" by its previous oxidation with HNO^ is present as Fe'") 
constituting the THIRD GROUP; the remaining of the most important 
metals — cobalt, nickel, manganese, and zinc — constitute the FOURTH 
GROUP (§137). They are precipitated by the group reagent, AMMON- 
irrsi SULPHIDE or HyDR08UI.PHURIC ACID in an AMMONIACAL 
SOLUTION. Some chemists do not make this classification of the^e 
metali, but precipitate them all as one group with ammonium sulphide 
(^144), from neutral or ammoniaoal solutions. The sulphides of Fe ^ Co , 
3fi , Mn J and Zn are not formed in presence of dilute acids, which acids keep 
them in solution during the second group precipitation; but are insoluble 
in water, which enables them to be precipitated by alkali sulphides, and 
separated from the fifth and sixth groups. The other two metals, Al and 
Cr, do not form sulphides, in the wet way^ but are precipitated as hy- 
droxides by the alkali sulphides. 

§119* Hydroanlphnric acid scarcely precipitates the metals of these 
groups, unless it be from some of their acetates (§135^ 6^), owing to the 
solubility of the sulphides in the acid^^^ which would be set free in their 
formation. Thus, this change cannot occur — FeCL. + ^S = ^^^ + 
^HCl^ — because the two products would decompose each other. Therefore 
when it is desired to precipitate the metals as Bulphides^ neutralized 
hydxosnlphimc acid— an aJl-ali svlphide—i^ used in nctdral or alkaline 
solution; or, what is equivalent, hydrosulphuric acid gas is passed into the 
stroHfjhj ammomacal sohtiion^ 

§120. A.^ most of the ckemicaUy normal salts of heavy metals have an 
acid reaction to test-paper, we can only assure ourselves of the requisite 
neutrality by adding sufficient ammonium hydroxide, which itself precipi- 
tates the larger number of the bases, as we have just seen {§116). But 
the resulting precipitate of hydroxide, as Fe(0H)2 , is immediately changed 
to sulphidej, FeS, by subsequent addition of ammonium sulphide; as the 
student may observCj by the change in the color of the precipitate. 
Ferric and manganic salts are reduced to ferrous and manganous salta, 
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by hydrosulphuric acid, in solution, with a precipitation of sulphury and 
the corresponding reaction occurs with chromates. 

§121. Soluble carbonates precipitate all the metals of these groups, in 
accordance with the general statement for bases not alkali (§205, Ga). 
With aluminum and chromium, the precipitates dissolve sparingly in ex- 
cess of potassium or sodium carbonate; with Co , Ni and Zn , the precipitate 
dissolves in excess of (NH[^)2C03 . In the case of ferrous and manganous 
salts, the precipitates are normal carbonates; with zinc, cobalt, and nickel 
salts, they are basic carbonates; while with ferric, aluminum, and chrom- 
ium salts, the precipitates are hydroxides. Barium carbonate precipitates 
Al , Cr"' and Fe'", which, in the cold and from salts not sulphates, is a 
separation from the fourth group metals. 

§122. Soluble phosphates precipitate these as they do other non-alkali 
bases. The acid solutions of phosphates of the metals of the third and 
fourth groups are precipitated by neutralization. Phosphates of Cio , 191 « 
and Zn are redissolved by excess of NH^OH , and those of Al , Cr , and Zn 
by excess of the fixed alkalis. The recently precipitated phosphates of all 
the metals of these groups which form sulphides, are transformed to sul- 
phides by ammonium sulphide, due to the fact that the sulphide is less 
soluble than the phosphate : FeHPO^ + (NHJgS = FeS + (NHJjHPO^ . 
Hence, the only phosphates which may occur in a sulphide precipitate are 
those of Al , Cr , Ba , Sr , Ca , and M g . 

§123. The metals of the third and fourth groups are not easily reduced 
from their compounds to the metallic state by ignition before the blow- 
pipe, even on charcoal, except zinc, which then vaporizes. Three of them, 
however — iron, cobalt, and nickel — are reducible to magnetic oxides. The 
larger number of them give characteristic colors to beads of borax and of 
microcosmic salt, fused on a loop of platinum wire before the blow-pipe. 
None of them color the flame or give spectra, unless vaporized by a higher 
temperature than that of a Bunsen burner (spark spectra). 



The Ibon Gboup (Third Gboup). 

AlTuninnin, Chromium, Iron. 

§124, Aluminum. Al = 27.1 . Valence three. 

1. Properties.— 5fpeci/?o gravity, 2.583 (Mallet, C. 2^., 1882, 46, 178). Melting 
point, 654.5° (Heycock and Neville, J, C, 1895, 67, 187). It is a tin-white metal 
(the powder is gray), odorless and tasteless, very ductile and malleable, about 
as hard as silver. It has not been vaporized, impurities increase the melting* 
point, when molten it possesses great fluidity. As a conductor of heat it is a 
little better than tin and about two-thirds as good as silver. It conducts 
electricity about one-half as well as copper (Poggendorf, Pogg.y 1856, 97, 643)» 
about one-third as well as silver (Matthiessen, Pogg.^ 1858, 108, 428), and about 
eight times better than iron. Commercial aluminum is never pure, containing 
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small QBaoimts of sillron ontl tron^ and sometimej^ Cu and Pb , with 96 to 99 
per cent almoin nm (Hampe, .1., ISH\ 183, TS). It is iiaed for cooking utensils, 
eanteejjs and other military eqnipiiieiite* boots, small weights, measures, 
articlL*s of ornament and scientific inHtnttneiUs; as an alloy with coppei' 
^aluminum bronze) it finds extensive application, 

2. Occurrence.— Not found free in nHiiin\ Is found in corumlum, ruliy and 
sapphire, as nearly pure AI^ObI in di as pore (AJOOH): in bauxite (AljOCOH)^); 
In felspar (EiAl.SiO*); in cryolite .(NitaAlF,). As a silicate m all clays nnd in 
very many mineriils. It ie widely distributed, constituting: about one-tweifth 
of the earth*s crnst. 

3. Preparation,— (i) By electrolysis of the fused KflAlCl4 . (2) By fusion of 
cryolite or the chloride with Na or K . (i) By heating" ITaAlCl, with zine, with 
■which it forms an alloy from which the zinc is driven ot^ b> a white heat. 
(4) By fnBJon of the chloride with potassium cyanide. (6) iiy hwin^ Al^Si 
with iron, A great manv new methods haye been patented. See Dammer, 3, 

4. Oxide and Hydroxides,— Al^Oa is fcirmt*d by heating the hydroxide, 
nitrate, acetate or other ortranic salt, rlifhcultly soluble in acids after j^nitioa, 
but may he dissolved after fusion with KHSO, or Na^CO, , AUOH), is 
formed when aluminum salts are precipitated witli cold ammoninm hydroxide. 
Al.OiOH), is formed if the precipitation is made at lUO"*! 

5. Solubilities. — a,— J/cfar,— Pure aluminum scarcely oxidizes at all In dry or 
mofst air; the elect rolytically deposited powder oxidises gradually in the air. 
Powdered or leaf aluminum when boiled with wati*r evolves hydrogen, forming 
the hydrojcrde. It is attacked by the halogens forming the oorresponding 
haiides (Gnstav&on, fl/„ tSKl, (2), 36, 556), Dilute sulphuric acid attacks it 
slowly, evolving hydrogen (Ditte, C. r.p isyO, 110, rjT.i); the hot concentrated 
acid dissolves it readily with ovohition of SO^ , Nitric acjd, dilute or con- 
centrated, attacks it very slowly (Deville, J., f'h., 1855, (:V), 43, H: Montemnrtini, 
mizzctfa, isrr2. 22, mi; Ditte, Lc, 782). Hydrochloric acid, dihite or concen- 
trated, dissolves it readily with evolution of hydrogen; also at tacked readily 
by fixed alkalis, sparingly by NH,OH (OrUtig, B., 1^96, 29, 1671), evolving 
bydrogen with formation of an aluminate: L'Al + SSOH -|- 2H3O = SKAIO, 4 
3H, , It is attacked by fixed alkali carbonntes (D., 3, hi). When ignited with 
iodium carbonate, aluminum oxide is formed, podium is vaporized and a smnll 
amount of aluminum nitride proflueed (Mallet, r/, C„ l^Tfi, 30, 3A9). Fuped 
KOH is deeom posted by almninum at very iagh temperature, the potassinm 
being vaporized (Devllie, J., 1S57, ir>2), H is not at all attacked by cold four 
per cent acetic acid (vinegar) even in presence of NaCl . and when boiled for 
14 hours with the above mixture a square meter of surface (weighing 24,7426 
grams) lost but 0,047 grams (one part in 526), 

ft.^Oxlde and hydroxide.— Tlie oxide is insoluble In water, and when not 
too strongly ignited dij^sohes readily in dilute neids and In fixed alkalis. 
Corundum, crystallized ALO^ , m insoluble in acids, but is rendered soluble 
by fusion in fixed alkali carbonates or sulphates. The hydroxide Al(OH)t 
is insoluble in water, readily soluble in acids and in fixed alkalis, sparingly 
s^oluhle in animoniiim hydroxide, the solubility, however, being much 
decreased by the presence of ammonium salts. r.SftJf,9, — Aluminum phos- 
phate Is the mofit important of the aluminum salts. Insoluble in water* The 
normal acetate is soluble, the basic acetate insoluble in w*ater (separation 
from Cr and the fourth grotip). The chloride is deliqne^frnt. The donble 
sulphate* of abitninnm and the alkali metals (alnms) are soluble' and readily 
melt in their water of crystallisttition, becoming anhydrous. Anhydrous 
aluminum sulphate is insoluble in water (Persoz, i. Ch., 1S59, (3), 56. 102). 
Solutions of normal salts of aluminum have an acid reaction, 

6, Keactions. a.— The alkali hydroxides ap(! carbonates* preeipitat© 
aluminimi hydroxide (i), Al{OH)s (4), grayish-white, gelatinoui imoluhle 



• AemrdlnF to Laaglols (4, Oi.. tsfie, f3), 4S, 502) tbc preelpJtate with ulkall <^r^nate«*]w»yi 
ocmtaltii Oa>. He ms^jgiu the form ula 3(A1 ,D,.CO,) + Si A 1 , D^ , SH ,0 ) . 
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in water, soluble in excess of the fixed alkali hydroxides * (2) (Preseott, 
J. Am, Soc.y 1880, 2, 27; Ditte, A. Ch,, 1897 (6), 30, 266), sparingly soluble 
in the fixed alkali carbonates and in ammonium hydroxide but much less 
so if ammonium salts be present. The solution of fixed alkali aluminate 
is precipitated as aluminum hydroxide by careful neutralization of the 
alkali with acids including hydrosulphuric (5), and carbonic, as basic 
hydroxide, by adding excess of ammonium chloride (^) (distinction from 
zinc which is precipitated by a small amount of NH^Cl , but redissolves on 
adding an excess) (Lowe, Z., 1865, 4, 350). The excess of potassium 
hydroxide liberates ammonia forming potassium chloride, thus reducing 
the amount of fixed alkali present. The precipitate is more compact and 
washes more readily than the gelatinous normal hydroxide. Barium car- 
bonate, on digestion in the cold for some time completely precipitates 
aluminum salts as the hydroxide (5) mLxed with a little basic salt. (See 
§126, 6a.) The presence of citric, oxalic, or tartaric acid greatly hinders 
the precipitation of aluminum hydroxide, and an excess may entirely pre- 
vent its precipitation by the formation of a soluble double salt, e. g,, 
KM{C^'Rfi^)2 . Other organic substances, as sugar, pieces of filter paper, 
etc., hinder the precipitation. To obtain complete precipitation all or- 
ganic substances should be decomposed. 

(1) AlCl, -h 3K0H = Al(OH), + 3KC1 

2A1C1. + 3K3CO, -h 3H,0 = 2A1(0H). + 6KC1 -|- SCO, 

(2) Al(OH), -h KOH = KAIO, + 2H,0 

OP AlCl, + 4K0H = KAIO, + 3KC1 + 2HaO 

(3) 2KA10, -I- HaS -h 2HaO = 2A1(0H), + K,S 

(4) 2KA10a + 2NH,C1 + H,0 = A1,0(0H), + 2KC1 + 2NH, 

(5) 2AlCla + 3BaC0. + 3H,0 = 2A1(0H), + 3BaCl, -|- 3C0, 

6. — Oxalates do not precipitate aluminum salts. The dcetate of alum- 
inum is decomposed upon boiling, forming the insoluble basic acetate 
(separation of iron and aluminum from the fourth group) : A1(C2H302)8 + 
H2O = A1(C2H802)20H + HCaHgOs . The basic acetate is best formed as 
follows: To the solution of aluminum salt add a little sodium or am- 
monium carbonate, as much as can be added without leaving a precipitate 
on stirring, then add excess of sodium or ammonium acetate, and boil for 
some time, when the precipitation at length becomes very neariy complete. 

Phenyl hydrazine, CeH^NHNHo , completely precipitates aluminum as 
the hydroxide from the neutral solution of its salts (complete separation 
of aluminum and chromium from iron which should be in the ferrous 
condition) ("FTess and Campbell, J, Am. Soc, 1899, 21, 776). 

•A solution of barium hydroxide may be used to dissolve the Al(OH), in soparutinyr from 
Fe(OH), and Or(OH),; espeoiaUy valuable in detecting the presence of small amounts o^ 
aluminum when the rea^nts NaOH and KOH contain aluminum (Neumann, M„ Ism, 15 r*^ 
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c. — Nitrie acid is a very poor solvent for metnOlc ahiminuin* hut a pood 
HolTent for the oxide and hydroxide. The metal dissolves in a solutioB of the 
BoraiEil aluminum nitrate, evolving- hydrogen and fopming the basic nitrate 
Al,0,(irO,)a (Ditte, C. r., 1890, 110,782), 

(i.— Alkali phosphates precipitate aluminuin phosphate, AlPO^, white^ 
insoluble in water end acetic aciil^ s^oluble in mineral acids, and in the 
fixed alkalis (separation from FePO^) (Grneber, Z. angeuK^ 1896, 741). 
A separation of AI and PO^ may be effected by diesolving in hydrochloric 
acid adding tartaric acid and then ammonium hydroxide, and digesting 
some time with magnei^ia mixture (magnesium sulphate to which sufficient 
ammonium chloride has been added eo that no precipitate is obtained 
when rendered strongly alkaline with ammonium hydroxide). The filtrate 
contains nearly all of the aluminum. The same method may be employed 
with W" and PO^ . See also 7. 

€, — The sulphide of alnminnm cannot be prepared in the wet way^ that 
prepared in the dry way being decomposed by water (Curie^ C\ N., 1873, 
28, 307), Hydrosulphuric acid does not precipitate aluminum from acid 
or neutral solutions; from its solutions in the fixed alkalis it is precipitated 
as the hydroxide on addition of sufficient hydrosulphuric acid to neutralize 
the fixed alkali (distinction from zinc which is rapidly precipitated from 
its alkaline solutions, as the sulphide). The alkali sulphides precipitate 
aluminum from its solutions^ as the hydroxide; from acid or neutral solu- 
tion H^S is evolved: 2AlCla + 3(NH,),S + 6H,0 — 2A1(0H), + 6NH,C1 
-h 3H2S, from solutions in the fixed alkalii* ammonia is evolved, fixed 
alkali sulphide being formed: 2KA10a + (ITOJ^S + SH^O — 2A1(0H)3 + 

Sodium ttiosulphate precipitfltesi, from aluminum salts, in neutral solutions, 
aluuifntim hvdroxifk* with free sulphur and liberation of sulphiirouf^ anhyrlride: 
2Al.{S0,)i + Gira,S,Os + fiH.O 1= 4A1<0H), + 3S, + 6Na,SO, -^ GSO, . A 
small amount of aodiiim tetrathionate is formed and also some hydroBulphuric 
acid (Vortniann, B., 1881), 22, 2A01). Sodium Bulphite also preeipltntes alu- 
minum hydroxide, with liberation of sulphur dioxide: 2A1C1, + 3Na,S0| -|- 
3HjO = 2Al(0H>i -H tJNaOl + ^'iSOa , Neither of the above reai^euts pre«-"ipi- 
t«t€ iron salts, thiiB effectingr a separation of aluminum (and chromium) from 
Iron. 

Aluminum, chromium and ferric sulphates crystallize with the siilphates 
of the alkali metals, forming a class of eompoundsj alums, of which the 
potassium aluminum compound is perhaps best known, KA1(S0J..1*2H.0 , 
ammon alum. These compounds melt in their water of crystallization, 
becoming anhydrous upon further heating. The freshly ignited alum i^ 
only sparingly soluble in cold water, but upon standing becomes readily 
soluble, dissolving in less than one part of hot wate^. The alums are usu- 
ally less soluble than their constituent sulphates and may be precipitated 
by adding a saturated solution of alkali sulphate to a very concentrated so- 
lution of Al , Cr"' , or Fe'" sulphate. 
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f. — Aluminum chloride is a very powerful dehydrating* agent and is much 
used in organic chemistry as a halogen carrier. An impure aluminum chlorate, 
mixture of KCIO, and Als(S04), , is much used in calico printing (Schlum- 
berger, iJlngl., 1873, 207, 63). g, — Aluminum salts are precipitated by solu- 
tions of alkali arsenites and arsenates, but not by arsenous or arsenic acids, 
/i. — I*otassium chromate forms a yellow gelatinous precipitate, potassium 
bichromate gives no precipitate with aluminum salts, i. — Solution of borax 
precipitates an acid aluminum borate, quickly changed to aluminum hydroxide. 

7. Ignition. — Compounds of aluminum are not reduced to the metal, but 
most of them are changed to the oxide, by ignition on charcoal. If now this 
residue is moistened with solution of cobaltous nitrate, and again strongly 
ignited, it assumes a blue color. This test is conclusive only with infusible 
compounds, and applies only in absence of colored oxides. Aluminum com- 
I)ounds ignited on charcoal in presence of sulphur are changed to Al^Ss (Buch- 
erer, Z. anffvic, 1892, 483). 

To fieparnte Al from PO4 . fuse the precipitate or powdered substance with 
IV2 parts finely divided silica and parts dried sodium carbonate in a platinum 
crucible, for half an hour. Digest the mass for some time in water; add 
ammonium carbonate in excess, filter and wash. The residue consists of 
aluminum sodium silicate: the solution contains the PO4 , as sodium phosphate. 
The Al can be obtained from the residue by dissolving it in hydrochloric acid, 
evaporating to dryness to render the silica insoluble. Treat with hydrochloric 
acid and filter: the filtrate containing aluminum chloride. 

8. Detection. — After the removal of the first two groups it is precipi- 
tated with Cr and Fe'" as the hydroxide, A1(0H)3 , by NH^OH in the pres- 
ence of NH4CI . It is separated, from Fe(0H)3 and Cr(0H)3 by boiling 
with EOH. From the filtrate acidulated with HCl it is precipitated as 
hydroxide with (NH[4)2C03 ; or it is precipitated from the EOH solution 
by an excess of NH^Cl (6a). 

0. Estimation. — Aluminum is usually weighed as the oxide, after ignition. 
It is separated from zinc as a basic acetate: from chromium by oxidizing the 
latter to chromic acid, by boiling with potassium chlorate and nitric acid, or 
by fusing with KNO, and NajCO, , or by action of CI or Br in presence of 
SOH , and after acidulating with HCl precipitating the aluminum with am- 
monium hydroxide. It may be separated from iron by boiling with KOH (6a), 
by Na^SjOa (6e), or by phenylhydrazine (Ob). It is separated from iron by 
conversion into the oleate and dissolving the oleate of iron (Fe'" or Fe") in 
petroleum (Borntraeger, Z., 1893, 32, 187). It is sometimes precipitated and 
weighed as the phosphate. 

10. Oxidation. — Aluminum reduces solutions of Pb , Ag , Hg *, Sn , Bi 
(incompletely), Cn f, Cd , Co , Ni , Zn | and Gl (in alkaline mixture only), 
Te, Se, An, and Pt, to the metallic state; ferric salts to ferrous salts; 
As and Sb with HCl become respectively AsH^ and SbHg with alkalis As'" 
is reduced to AsHg . As^ is unchanged (§69, G'h and 10), and Sb'" and 
Sb^ become Sb**. Aluminum salts are not reduced to the metallic state 
by any other compounds at ordinary temperature ; by fusion with K or Na 
metallic aluminum is obtained, much better, however, by the aid of the 
electric current. 

♦ Klandy, C. 0., 1893, 201 ; Wislicenus, B. 1886, 28, 1828. t Tommasi, Bl., 1882, (2), 37, 443. 

t Flavitslcy, B., 1878, 6, 196 ; Zimmorman, Z., 1888, 87, 6L 
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1. Properties.— -S'p^H/?r gmi^iiit, O.ftl (Woehler, A,, 1859, 111, 231), MeJts with 
greater dit!icii!t> tliuii platituim ((ilut/el, B,, ISyy, 23, :il2T). A grayish-whhe 
<»rT^'stalline metal. The tuu-dnes-^s o1 steel is grewtly increased by the presenee 
of less than one per t'ent of fhrominm. It is non-niagTietic (Woehler, ?. r*). It 
burns to the oxide CraO* wben heutt^ti to 200° to 3U0'' in the air (Moissaii, C. r„ 

2. Occurrence,— Not found nfitive. It is fonntl in several minerals. Chroroe- 
ironstone or ehromitt; (FeOCr-jO,) is the chief ore of chromium, and is nsuallj' 
employed in the manufacture of chrciminai com pounds, Chromite and also a 
double sulphide of iron uixd chromium, FeCr^S^ ^ are fotind in many meteors, 

3. Prepftratlon.— (/) By elect rolysb of the chloride, (2) By fusing the 
chloride with potassium or sodium. (J) By ignition of the oxide wtth carbon, 
\\\ By fusing CrCl., with Zn , Cd or Mg . using KCl nnd NaCl as a flux, and 
removinif the excess of the 2n , Cd or Mg l>y riissolvijig in nitric acid, which 
does not disi^ohp metallic chronihim, (*5) By ignition of the oxkle with alu- 
minum (Goldschmidt, A., ISS^^ 301, 19), 

4. Oxides nnd Hydroxides.— ^V/rcj mo »« onJr, CrO , has not been isolated. The 
corresponding hifdroxkh\ Cr(OHh , is made by treating CrGli with KOH , 
Chrfimii\ ujtidt^, Cr.O^ , ia made by a great Hriety of methods, among which are 
fusing the nitrate, or higher or lower oxides and hydroxides in the air; heating 
niercurous chroma te, or the diehroniHtca of the alkalis: 

^Hg.CrO, ^ 2Cr,0, + SHg -f- 50, 
(NHJ^Cr^O, = Cr,0, + W, + 4H,0 
4K,CrjOT = 2Cr50, + 4KsCtO, + 30, 

In the last the K^CrO^ may be separated by water. After heating to redness, 
Cr^Oa is insoluble in acidk ChrmHiv ht/fftiKriffr, Cr(OH)j , is precipitated by 
adding NH.OH to chromic solutions. That formed by precipitating with KOH 
or NaOH retains traces of the alkali, not easily removed by washing, 

Chrmniutti trifij'idr or chromic anhydride* CrO, , is formed as brovm-red 
needles upon addition of concentrated sulphuric acid to a concentrated solution 
of K.Cr.OT: to be freetl from sulphuric acid it must be recrj^staUized from 
water, tn which it is reiidily j5oluble. or treated with the necessary amount ol 
BaCrO, (Moissan, A. f'h.. IBHS^ {6), 5, 50s), It is also prepared by transposi- 
tion of BaCrO, with HNO, or H.SO^: PbCrO, with H,SO,: and Ag^CrO^ with 
HCl; etc. It melts at about 170' (^ioissan, ^c), decomposinjjr at hiffher tem* 
pernture into Cr40j and . It is used in dyeing silk and wool, but not 
cotton fabrics. It is a po%verful oxidizing afrcnt, being rediiced to chromic 
oxide. The existence of chromic acid, H^CrO^ , is disputed (Moissan, ^ r,: 
Field, f\ .¥„ 1^2, 05, 153; and Ostwald, ZHL phi/8. (7/„ IHHS, 2, 7ft), Two 
series of salts arc formed as if derived from chromic acid, HXrOj , and 
dichromic acid, H^Cr.O, , The suits are quite stable and find an extended 
application in analytical chemistry (6/i, §57, §59, §186, etc), 

5. SclubilitieS' — fj.--2fetfiL — Chromium is not at all oxidised b^* water or 
moist air at 100"*, Heated above 200° it is ovidiKcd to Cr^O, , rapidly In pres- 
ence of son , It is soluble in HCl or dilute HhSO,; insoluble in concentrated 
H^SO, or in HKO, , dilute or concentrated. Chlorine or bromine attack it 
with formation of the corresponding halides (Woehler, t.r.i Ufer, *4„ IwrjQ, 112, 
302), ft,— Oxides and Hydroxides. — VhmmU' #**ridf, Cr^Oa , Is insoluble in water, 
slowly soluble in acids, but not at all if previously ignited (Traube, J.,, 184g, 
66, 8^): the hjHiraxidf is insoluble in water, soluble in acids, sparingly soluble 
in ammonium hydroxide, soluble in fixed alkalis to chromites, rcprecipitated 
a pain upon boiling. The presence of other metallic hydroxides, as iron, etc., 
hinders the solution in fixed alkalis. Chromic anhydride, CrOi , is very soluble 
in water, soluble in reducing acids to chromic salts, 

r e. — Balis. — Chromic sulphide is not fonned in the wet way, being 
decomposed by water; the phosphate ia insoluble in water. The chloride 
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exists in two modifications; a deliquescent soluble chloride, which also 
forms a soluble basic chloride (Ordway, Am, S., 1858 (2), 26, 202); 
and a violet sublimed chromic chloride absolutely insoluble in water, 
hot or cold, or in dilute or concentrated acids, the presence of a very 
small amount of chromous or stannous chloride at once renders this modi- 
fication soluble in water (Peligot, A. Ch., 184G (3), 16, 298); the bromide 
and sulphate also exist in soluble and insoluble modifications; the nitrate 
and also the basic nitrates are readily soluble in water (Ordway, 1. c). 
There are many double salts, the sulphates of chromium and the alkali 
metals, chrome alum, forming salts similar to the corresponding aluminum 
compounds. There are two modifications of solutions of chromium salts, 
one having a green color and the other violet to red, the tints are modified 
somewhat by the degree of the concentration. All normal chromic salts 
in solution have an acid reaction, being partially hydrolized. 

6. Eeactions.* a. — ^Alkali hydroxides and carbonates precipitate solu- 
tions of chromic salts, as chromium hydroxide, gelatinous, gray-green or 
gray-blue according to the variety of solution from which it is obtained 
(5c), insoluble in water, soluble in acids; soluble in excess of the fixed 
alkalis to chromites: Cr(0H)3 -f KOH = ECrOo -f 2H2O ; the chromium 
is completely reprecipitated on long boiling (distinction from aluminum), 
or on heating with an excess of ammonium chloride. The presence of 
ferric hydroxide and some other compounds greatly hinders the solution 
in fixed alkalis, hence chromium cannot be separated from iron by excess 
of fixed alkali. Chromium hydroxide is slightly soluble in excess of cold 
ammonium hydroxide to a violet solution, completely reprecipitated on 
boiling. The precipitate formed with the alkali carbonates is almost 
entirely free from carbonate: 2CrCl3 + SNa^CO., + 3K..0 = 2Cr(0H)3 + 
6NaCl -f- 3C0o . Barium carbonate precipitates chromium from its solu- 
tions (better from the chloride) as a hydroxide with some basic salt, the 
precipitation being complete after long digestion in the cold (separation 
from the fourth group). For removal of excess of reagent, add H0SO4 
and the filtrate will contain the chromium as a sulphate. 

Alkali dichromates are changed to normal chromates by alkali hydrox- 
ides or carbonates. 

h. — Chromium forms no basic acetate and remains in solution when the 
basic acetates of aliimir.nm and ferric iron are formed (Oft, §124 and §126). 
Potassitun cyanide precipitates chromium hydroxide. Oxalates and ferro- 
cyanides cause no precipitate. HjCrOf is reduced to chromic compounds 

•Chromous salts are very unstable, thoy are great reduclngr agents, oxidizing: rapidly when 
exposed to the air. Thoy are almost never met with In analysis. Chromous chloride, CrClj, Is 
formed when the metal Is heated In contact with hydrochloric acid gas (Ufor, I. c ); also by re- 
duction of CrCI, with hydrogren In a heated tube (Moborgr, J. pr., 1848. 44, 322). Preci])itatofl are 
formed In Its solutions by the alkali hydroxides, carbonates, sulphides, otc. fMoissan. JH.. lsx-2 
(3), 87, 296). 
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hy Kare(CN),^ ntul KCK6. r,— XitriteK or nltrateH are without action upon 
chrominrH salts in the wet way, but upOTi fui4i«ri in prt'seuce of n if rites or 
nitrat^^s and iilktili carhotijiti* a chromate is formed (Reparatiot; froiii Pe and 
Al). ff.— Hypophosphorous acid reclnces ehromates to chromic salts, Bohible 
phosphates, n.s Na.HPO, ♦ precipitate chromic phosphate, CrPOj , insohible in 
acetit' arifU dccompoKed bv boiling'- with KOH , leaving tht! phosphate in solu- 
tion (Kannncrcr, J. C 1874, 27, 1005). 

e.— HydroBuIphimc acid is without action upon neutral or acid tiolutions 
of chroniinm salts, chromites m KCxO^ are precipitated as chrnminm 
hydroxide; gKCrO. -f H.S + 2H.0 — 2Qt{0E.)^ + K,S. The hexad 
chroininni of ehromates is reduced to the triad condition with liheration 
of stilphnr> in neutral or alkaHne solutions, chromium hydroxide being 
formed: SK^Cr^O, + 8H.S — 4Cr(0H), +2K.3 + 3S. + ZU^O ; in acid 
solutions a chromium salt is formed (10). Alkali sulphides precipitate 
chromium ealta as the hydroxide liberating KS : 

2CrCl. + 3{ira:,)aS + BHjO — £Cr(OH), + GNH.Ol + 3H,S 
Chromatea are reduced nnd precipitated as chromium hydroxide witli repa- 
ration of sulphur: 4K,CrO, + r>(ira,),S + 4H.0 = 4Cr(0H),, + RKOH 
+ 3Ss + I2US3 . Soluble sulphites and thiosulphates reduce ehromates 
in acid solution (Donath, J. C, IB79, 36, 401; Longi, Guzzdia, \m% 28, 
ii, 119). 

f, — Hydrochloric acid reduces ehromates to chromic chloride an boilings 
with evolution of chlorine: SKgCrO^ + 16HCI ^ SCrCl^ + 4KC1 + 3C1. -f 
SH^O ; more readily without evolution of chlorine in presence of other 
easily oxidized agents, a^^ alcohol, oxalic acid, etc: K^Cr.O^ -f- 8HCI + 
3C^sOH = 2KC1 + SCrCls -f 3C,H,0 (aeetaldehyde) +'7H,0. If the 
drv'^ chroma te be heated with sulphuric acid and a chloride (tran&posable 
by sulphuric acid) (§26d, 5), brown fumes of chromium flioxydieliloride 
are evolved: K,C?r,0, -f 4NaCl + 3H.S0, ^ 2CrO^CL + K^SO^ + SXa^SO^ 
+ 3H.0 (g269» 8(/) (Moissan. Bl, 1885 (2), 43, 6), To obtain a quantity of 
CrO.CL, Thorpe (/. C 18CJ8, 21, 514) recommends 10 parts of NaCl and 
12 parts K.Cr,0- fused together and distilled with 30 parts of H.SO^ • 
Hydrobromic acid reduces ehromates to chromic bromide with evohition 
of bromine; hydriodic acid to chromic iodide with evolution of iodine. 
In the presence of hydrochloric or sulphuric acids all the bromine or 
iodine is set free. K.Cr.O, + CHI -f 4H,S0, = K^m, + Cr,(SO,), + 
SI2 + TH^O . Hydriodic acid acts most readily upon ehromates, the 
hydrochloric least readily. Chromic hydroxide and chromic salts, when 
boiled with chloric or bromic acids, or potassium chlorate or bromate and 
nitric, sulphuric or phosphoric acids, become chromic acid. 

fi,— Holnble arsenltei and arsenates form eorresponding- salts with chromto 
salts, ehromates in acid iwlntion arc instantly reduced to chromic salts by 
nrsenites nr arsenoijs acicL Chromic acid hoi led with araenotis aeid In excess 
gives CrAsO, (Neville, J. €,, 1ST7, 31, 283). 

ft.— Potaaaium chromalc colors an acid soUition of chromic salt brown-yellow; 
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on addition of ammonium hydroxide, a precipitate of the same color is obtained, 
chromic chromate (Maus, Po*jif., 1827, 9, 127). The alkali metals form two 
classes of chromates: yellow normal chromates and reddish dichromates 
(Schulemd, J, C, 1879, 36, 298). The chromates of the alkalis, and those of 
magnesium, calcium, zinc and copper are soluble: those of strontium, mercury 
(Hg^) are sparingly soluble; and those of barium, manganese, bismuth, mer- 
cury (Hgr'), silver and lead are insoluble in water. Alkali chromates or 
dichromates are precipitated as normal chromates (in some cases as dichro- 
mates) (I'reis and Kayman, B., 1880, 13, 340) by solutions of silver, lead, mer- 
cury (Hgr') and barium salts. Silver chromate is dark red, soluble in nitric 
acid and ammonium hydroxide (§59, 6/i); lead chromate is yellow, transposed 
with difficulty by nitric acid (Duvillier, A. Ch„ 1873, (4), 30,"^ 212), insoluble in 
acetic acid (§57, 6^); barium chromate, j'ellow, is soluble in hydrochloric and 
nitric acids, sparingly soluble in chromic acid (§186, C^). 

7. Ignition. — Chromic oxide, chromic salts and chromates dissolve in beads 
of microcosmic salt, and of borax, before the blow-pipe, in both reducing and 
oxidizing flames, with a yellowish-green tint while hot, becoming emerald 
green when cold. By ignition on charcoal the carbon deoxidizes chromic 
anhydride, CrO, , free or combined, and a green mass, Cr,0, , is left. When 
chromium compounds are fused with an alkali carbonate, and a nitrite, nitrate, 
chlorate, bromate or iodate, an alkali chromate is formed, soluble in water 
(distinction from Al and Fe). 

8. Detection. — If present as chromate (solution red or yellow), it is 
reduced by HCl and alcohol. Precipitated with Fe'" and Al , after the 
removal of the metals of the first and second groups, by NH4OH in pres- 
ence of NH4CI. Boiling with KOH separates the Al and leaves the Cr 
with the Fe, as hydroxides. The precipitate is fused on a platinum foil 
with NagCOs ^^^ KNO3 which oxidizes the Cr to an alkali chromate, soluble 
in water (separation from the Fe). The Cr is identified after acidulation 
with HC2H3O2 by the formation of the yellow lead chromate, using 

PbCCsH.O^)^ . 

9. Estimation. — Chromium is usually estimated gravi metrically (1) as the 
oxide. It is brought into this form either by precipitation as a hydroxide (da) 
and ignition or, in many cases, by simple ignition (4). (2) As chromate, it may 
be precipitated with barium chloride, dried and weighed as such: or in acetic 
acid solution it may be precipitated as PbCrO^ bj^ Pb(C2H803)2 , dried and 
weighed. Volumetrically, as a chromate (if present as chromic salt it may be 
oxidized to a chromate). (.?) By titration with a standard solution of ferrous 
sulphate. (4) By liberation of iodine from hydriodic acid (Ctfj) and measuring 
the amount of iodine liberated with standard sodium thiosulphate solution. 

10. Oxidation. — Chromous compounds are very strong reducing agents, 
changing HgClj to HgCl, CuSO^ to Cu°, SnClg to Sn°, etc. Chromic com- 
pounds 'are oxidized to chromates by chlorates (Giacomelli, L'Orosi, 1895, 
18, 48: Storer, Am. S., 1869,98,190) (6/), Na.Oo, MnO. (:\rarchal and Wier- 
nick, Z. angew., 1891, 511), and PbOj in acid solution; in alkaline mixture, 
by reducing PbOo to PbO, Ag.O to Ag°, EggO and HgO to Hg°, CuO to 
CHgO , KMnO, and KoMnO^ to MnO^ (Donath and Jellor, C. C. 1887, 151); 
by CI, Br, and I, forming the corresponding halide; and by H0O2* 

•The use of H^O, in alkaline solution is proposed by RigrfiTS (Am. S., 1894, 148, 409) in the sepa- 
ration of Al, Fe and Cr. 100 cc. water, 10 cc. H,0,. and one gram of NaOH are added to the 
freshly precipitated hydroxides and digested until effervescence ceases. Filter off the precipi- 
tate of ferric hydroxide, acidify the filtrate with acetic acid and precipitate the alumiaum with 
ammonium hydroxide. The chromium if present will be in the filtrate as sodium chromate. 
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(Baumann^ Z. angew., 1891, 139). A chromate is also formed when 
chromium compounds are fused with an alkali carbonate and an oxidizing 
agent (7). Chromic oxide (not ignited) or chromic chloride at 440° 
in a current of chlorine become CrOjClj (Moissan, Bl, 1880 (2), 34, TO). 
Chromic acid and chromates are reduced to chromic compounds by 
H,CA (Werner, /. C, 1888, 63, 602), KJ^t{CTI\y KCNS, H^S, (NHJoS, 
VajSjOs , SOj , HjOg , etc. Of most common occurrence in qualitative 
analysis is the action of hydrosulphuric acid and alkali sulphides; at first 
siQphur is liberated, a part of which may be oxidized to sulphurous and 
sulphuric acids (Parsons, C. N., 1878, 38, 228). 

aK^CrsOr + 16HC1 + GH,S = 4CrCl, + 4KC1 + 3S, + 14H,0 

laH^CrO^ + 38, = 4Cr,OXr04 + 680, + 12H,0 

2H,Cr04 -f 380, = Cr2(80,), -f- 2H,0 

While HgOj in alkaline solution oxidizes Cr"' to Cr^, in acid solution the 
reverse * action takes place: 2H2Cr04 + SHaSO^ + SHjOj = 013(804)3 + 
30, 4- 8H2O (Baumann, 1. c). 



§126. Iron (Ferrum). Fe = 66.9 . Usual valence two and three. 

1. Properties. — Specific gravity, variable, depending upon the purity and 
methods of preparation. 7.85 at 16** (Caron, C. r., 1870, 70, 1263), 8.139 
(Chandler-Roberts, C. .V., 1875, 31, 137). Melting point, cast iron, 1100° to 1300**; 
steel, 1300° to 1600°; wrouglit iron, 1800° to 2200°. The pure metal melts at 
1804° (Carnelley, ZJ., 1880, 13, 441). Pure iron is silver-white, capable of taking 
a remarkably fine polish; it is among the most ductile of metals, in this 
property being approached by nickel and cobalt (§73, 1); it is the hardest of 
the ductile metals (Calvert and Johnson, Dingl., 1859, 152, 129), and in tenacity 
it is only surpassed by cobalt and nickel (§132, 1). It softens at a red heat 
and may be welded at a white heat. P'inely divided iron burns in the air when 
ignited; that made by reduction in hydrogen may ignite spontaneously when 
exposed to the air. Steel for tempering purposes contains 0.3 to 1.5 per cent of 
carbon, cast iron from 3.7 to 4.6 per cent, and wrought iron less than 0.2 per 
cent. Pure iron is attracted by the magnet, but does not retain its magnetism. 
Permanent magnets are made of steel. Iron forms two classes of oxides, 
hydroxides and salts: frrroufi, in which the metal acts as a dyad; and frrrir, in 
which the metal acts as a triad. The ferrous compounds are changed to ferric 
by moist air and by oxidizing agents in general; while ferric compounds are 
readily reduced to ferrous compounds by very many reducing agents. Ferric 
compounds are much more stable than the corresponding ferrous compounds. 

2. Occurrence. — Native iron is rarely found except in meteorites. The chief 
ores of iron are red hematite or specular iron ore (FCaO.,), brown hematite 
(2Fe,0,.3H30), magnetic iron ore (FegOJ. iron pyrites (FeSJ, spathic iron 
ore (FeCO,), clay iron-stone (FeCO^ with clay), black band (FeCO, mixed with 
bituminous matter). 

3. Preparation. — Pure iron is not usuallj- found in the market. It is made: 
(/) by electrolysis: (2) by heating its purified salts with hydrogen; (.?) by 
heating the purified salts with some form of carbon; (-)) in metallurgy iron is 
made from the ores, and the reducing agents are coal, coke, charcoal and 
natural gas. 

•With a chromato in acid solution HaO, at first jrivos a (1<h»p bluo Hohition f probably of por- 
chromlc acid, HCr04) a very delicate reaction, followed by the reduction to a chromic Halt. 
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4. Oxides and Hydroxides. — Ferrous oxide, FeO , is made from FesO, by heat- 
ing it to 300° in an atmosphere of hydrogen; also by heating Fe2C204 to 160**, 
air being excluded. It takes fire spontaneously in the air, oxidizing to Fe.O, . 
Ferrous hydroxide, Fe(0H)2 , is formed by precipitating ferrous salts with KOH 
or NaOH , perfectly white when pure, but usually green from partial oxidation. 
Ferrie oxide^ Fe;^©, , is formed by heating FeO , Fe(0H)2 , or any ferrous salt 
consisting of a volatile or organic acid in the air; more rapidly by heating 
Fe(OH), , Fe(N0,)3 , or FealSO,), . Ferric hydroxide is formed by precipitat- 
ing cold dilute ferric salts with alkalis or alkali carbonates, and drying at 100*^. 
If KOH or NaOH is used, the precipitate requires longer washing than when 
NH4OH is employed, liy increasing the temperature and concentration of the 
solutions, the following definite compounds may l)e formed: FeO(OH) , 
FejO(OH)4 , Fe^OjOH)^ , Fe«0,(OH)o, Fe.OjCOH), . Fe,0« is slowly formed 
by heating FeO or FejO, to a white heat. Its corresponding hydroxide maj- be 
made by precipitation: FeCl^ -f 2FeCl, -f 8NH4OH = Fe,(OH)B -f- 8NH«C1 . 
Fe,(0H)4 when heated to 90° forms FejO* . The black color and magnetic 
properties show that it is a chemical «<ilt and not a mechanical mixture of FeO 
and FejO, . Fe'" acts as an acid towards the Fe": this oxide, FejO^ , or 
FeFe^jO, , may be called ferrous ferrite. Other ferrites have been formed, e. j/.. 
calcium ferrite, CaFezO^; MgFe^O^ and BaFe^O^ (List, ZJ., 1878, 11, 1512): zinc 
ferrite, ZnFejO^ . Compare potassium aluminate, KAIO, (§124, 6a), and potas- 
sium chromite, KCrOj (§125, 6a). Ferrie aeid, HjFeO^ , and its anhydride, 
FeO, , have not been isolated. Potassium ferrate, K^FeO^ , is made (1) by elec- 
trolysis; (2) by heating iron-filings, FeO or FejO, , to a red heat with KNO,; 
(3) by heating Fe(OH), with iwtassium peroxide K.O,: (i) by passing CI or Br 
into a solution of 5 parts of KOH in 8 parts of water in which Fe(OH), is 
suspended; the temperature should be not above 50**. It has a purple color; is 
a strong oxidizing agent. It slowly decomposes on standing: 4K2Fe04 -|- 
IOH2O = 8K0H -f 4Fe(OH)8 -f- 30^ . With barium salts it precipitates a 
stable barium ferrate, BaFeO^ . 

5. Solubilities. — a. — Metal. — Iron dissolves, in hydrochloric acid and in dilute 
sulphuric acid, to ferrous salts, with liberation of hydrogen (a): concentrated 
cold H.SO4 has no action, but if hot, SO^ is evolved and a ferric salt formed (h) ; 
in moderately dilute nitric acid, with heat, to ferric nitrate, liberating chiefly 
nitric oxide (c); in cold dilute nitric acid, forming ferrous nitrate with pro- 
duction of ammonium nitrate (f/), of nitrous oxide (e), or of hydrogen 
(Langlois, A. Ch., 1856, [3], 48, 502). 

(a) Fe -f H2SO4 = FeSO^ -f H, 

(h) 2Fe -f 6H3SO4 = Fe2(S04), + 3S0, + 6H,0 

(e) Fe -f 4HN0. = Fe(NO,), -h NO -f 2HjO 

(d) 4Fe -f lOHNO, = 4Fe(N0,), -f- NH4NO, -f 3H,0 

(e) 4Fe -f lOHNO, = 4Fe(NO,)3 + N,0 -f SH^O 

(f) Fe -f 2HN0, = Fe(NO,), -f H^ 

In dissolving the iron of commerce in h3'drochloric acid, the carbon which it 
always contains, so far as combined in the carbide of iron, will pass off in 
gaseous hydrocarbons (Campbell, Am., 1S96, 18, 836), and so far as uncombined 
will remain undissolved, as graphitic carbon. The metal is attacked by moist 
air, forming chiefly 2Fe..03.3H20 . iron rust. When hot iron is hammered, scale 
oxide, Fe^Og.GFeO , is formed. Cold concentrated HNO3 forms passive iron. 

^.— Oxides and hydroxides. — Ftrrous tixide and hi/dro.vide unite with acids 
with rapid increase in temperature, forming ferrous salts, always mixed with 
more or less ferrie salts. The ferrous salts are much more rt^adily prepared 
by the action of dilute acids u])on the metal, or upon FeCOn or FeS . FejO* , 
treated with an insufficient amount of HCl, forms FeClj and re.O.,: treated with 
HCl sufficient for complete solution, a mixture of FeCl.. and FeCI is obtained, 
which, when treated with excess of ammonium hydroxide jind dried at 100° 
again exhibits the magnetic properties of the original. Ferric oxide, Fe..03 , dis- 
solves in acids, quite slow^ly if the temperature of preparation of 'the oxide has 
been high. Mitscherlich (J. />/*., ISOO. 81, 110) recommends warm digestion with 
ten parts of a mixture of sulphuric acid and water (8-3). If the oxide be 
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heated with alkalis or alkali carbonates, it then dissolves much more readily in 
acids. Ferric hydroxide, Fe(OH)s , is insoluble in water (for a soluble colloidal 
ferric hydroxide, see Sabanejeff, C. C, 1891, i, 11), readily soluble in acids to 
ferric salts. Freshly precipitated ferric hydroxide readily dissolves in ferric 
chloride and in chromium chloride, not in aluminum chloride. A solution of 
ferric hydroxide in ferric chloride is soluble in water after evaporation to dry- 
ness if not more than ten parts of FejO, are present to one of the PeCla (Be- 
champ, A, Ch., 1859, (3), 56, 306) 

c, — Salts, — Ferrous salts, in crystals and in solution, have a light green 
color. Solutions of the salts have a slight acid reaction toward litmus. 
The sulphate FeSO^.TH^O , is efflorescent; the chloride, bromide, iodide, 
and citrate are deliquescent. Solutions of all ferrous salts are unstable, 
gradually changing to basic ferric salts, more or less insoluble in water. 
The carbonate, hydroxide, phosphate, borate, oxalate, cyanide, ferro- 
cyanide, ferricyanide, tartrate, and tannate are insoluble in water. 
Ferric salts in solution have a brownish-yellow color, redden litmus and 
color the skin yellow. The chloride, bromide, nitrate, and sulphate are 
deliquescent. The ferrocyanide, tannate, borate, phosphate, basic acetate, 
and sulphite are insoluble in water; the sulphate is soluble in alcohol 
(separation from ferrous sulphate). Ferric chloride is soluble in ether 
saturated with hydrochloric acid, separation from aluminum (Gooch and 
Havens, Am, S,, 1896, 162, 416). Solutions of ferric salts, when boiled, 
frequently precipitate a large portion of the iron as basic salt, especially 
if other soluble salts are present (Fritsche, Z, angew,, 1888, 227; Pickering, 
J, C, 1880, 37, 807) (§70, 5d footnote). 

6. Beactions. a. — The alkali hydroxides precipitate ferrous hydroxide, 
Pe(0H)2 , white if pure, but seldom obtained sufficiently free from ferric 
hydroxide to be clear white, and quickly changing, in the air, to ferroso- 
ferric hydroxide, of a dirty-green to black color, then to ferric hydroxide 
(4), of a reddish-brown color. The fixed alkalis adhere to this precipitate. 
Ammoninm chloride or sulphate, sugar, and many organic acids, to a slight 
extent, dissolve the ferrous hydroxide or prevent its formation (§§116 and 
117). The soluble carbonates precipitate, from purely ferrous solutions, 
ferrous carbonate, FeCOg , white if pure, but soon changing, in the air, to 
the reddish-brown ferric hydroxide. 

Solutions of ferric salts are precipitated by the alkali hydroxides and 
carbonates as ferric hydroxide, Fe(0H)3 , variable to Te^O^.K^O — FeO(OH) — 
reddish-brown insoluble in excess of the reagents (distinction from alumi- 
num and chromium which are soluble in excess of the fixed alkali hy- 
droxides and from cobalt, nickel and zinc which are soluble in ammonium 
hydroxide). Salts of the fixed alkalis adhere to. this precipitate with great 
tenacity and the precipitate obtained from the use of the fixed alkali 
carbonates invariably contains traces of a carbonate. Freshly precipitated 
barium carbonate completely precipitates ferric salts in the cold as ferric 



154 IROy. §126. 6&. 

hydroxide (separation of ferric iron, with aluminum and chromium, from 
ferrous iron, cobalt, nickel, manganese, and zinc; 2FeCl3 + SBaCO, + 
SHjO = 2Fe(0H), + SBaCl^ + SCOj). The mixture should be allowed to 
stand several hours (chromium precipitates more slowly than aluminum 
or iron), and, sulphates must be absent, as freshly precipitated barium 
carbonate reacts vrii\i solutions of the sulphates of the fourth group; e. g.y 
NiSO^ + BaCO^ = NiCO, + BaSO< . The reaction takes place most read- 
ily if the metals be present as chlorides. If the precipitate obtained be 
treated with an excess of dilute sulphuric acid the ferric hydroxide dis- 
solves, leaving the excess of barium as the insoluble sulphate. Freshly 
precipitated carbonates of Ca , Mg , Hn , Zn , and Cn react similar to the 
barium carbonate. 

6. — Oxalic acid and soluble oxalates precipitate from solutions of ferrous 
salts, ferrous oxalate, FeCjO* , yellowish-white, crystalline, sparingly soluble in 
hot water, soluble in HCl , HNO, and H2SO4 ; ferric salts are not precipitated 
by oxalates except as reduction to ferrous oxalate takes place. 

The acetates, as NaCsHsOj , form in solutions of ferric salts a dull red * 
solution of ferric acetate, Fe(C2H30o)3 , which upon boiling is decomposed 
and precipitated as basic ferric acetate of variable composition (separation 
of iron and aluminum from phosphoric acid (rf), chromium, and the metals 
of the fourth group). The red colored ferric acetate solution is not 
decolored by mercuric chloride (distinction from Fe(CNS)3). The basic 
precipitates are soluble in HCl , HNO3 and H0SO4 and are transposed l)v 
alkali hydroxides. 

Tannic acid precipitates concentrated solutions of ferrous salts: ferric salts 
are precipitated as blue-black ferric tannate {tlw basis of commoti ink), insoluble 
in water or acetic acid, very soluble in excess of tannic acid. Ferric salts are, 
completely precipitated by ammonium succinate from hot solutions (Young, 
J, C, 1880, 37, 074). Both ferrous and ferric salts (not nitrates) slightly acid 
are completely precipitated bj' a solution of nitroso B. naphthol (separation 
from aluminum and chromium) (Knorre, B., 1887, 20, 28:j; Menicke. Z. atujnr., 
1888, 5). If the Fe'" be in excess of the PO* the phosphate will all be pre- 
cipitated. Hydrochloric acid should be absent, i. c, excess of NaC-HaO^. should 
be added (Knorre, Z. angeir., 1893, 2G7). 

Potassium cyanide gives with solutions of ferrous salts a yellowish-red pre- 
cipitate, which dissolves in excess of the reagent to potassium ferrocyanide, 
K^reCCN)^: with solutions of ferric salts, ferric hydroxide is precipitated with 
evolution of hydrocyanic acid (equation («), page 150). 

Potassium ferrocyanide precipitates ferrous salts as pofassium ferrous 
ferrocyanide (6), Korere(CN)6 , (Everitt's salt), bluish-white, insoluble in 

•Meconlc acid and formic acid form red solutions with ferric salts : benzoic acid g^ives a llesli 
colored precipitate; phenol, creosote, saliffenin, and other hydroxy an^matic derivatives g-ive 
a blue to violet color. Morphine gives a blue color. The following is recommended as a very 
satisfactory test for a trace of iron in copper sulphate. Dissolve one gram of the CUSO4 in Ave 
cc. of water, add Ave cc. of a ten per cent, etherial solution of salicylic acid. If the layer of 
contact assumes a violet color iron is present (Grigge, Z., 1895, 34. 450). 
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acids^ transposed by alkalis (c). This is converted into Prussian blue 
(see below), gradually by exposure to the air, immediately by oxidizing 
agents (d). With ferric salts, ferric ferrocyanide (e), 'Ft^CFe^ClS)^)^ , Prus- 
sian blue, is formed, insoluble in acids, decomposed by alkalis (f). If the 
reagent be added in strong excess the precipitate is partially dissolved to 
a blue liquid. Strong acids should not be present as they color the re- 
agent blue. In neutral solutions diluted to one in 500,000 the iron may be 
detected (Wagner, Z., 1881, 20, 350). The ferrocyanides are transposed 
by EOH and decomposed by fusion with NaNO., and NaoCOg , the iron being 
obtained as Te^O^ (Koningh, Z. angew,, 1898, 463). Potassium ferri- 
cyanide precipitates from dilute solutions of ferrous salts ferrous ferri- 
cyanide (g), rej(re(CN)o)2 (Turnbull's blue), dark blue, insoluble in acids, 
transposed by alkali hydroxides (h): with ferric salts no precipitate is 
obtained, but the solution is colored brown or green (i). This is a very 
important reagent for the detection of the presence of even traces of 
ferrous salts in the presence of ferric salts. As iron is so readily oxidized 
or reduced by various reagents the original solution should always be 
tested. The solutions should also be sufficiently diluted to allow the 
detection of the precipitate of the ferrous ferricyanide in the presence of 
the dark colored liquid due to the presence of ferric salts. If no precipi- • 
tate be obtained (indicating absence of ferrous iron) a drop of stannous 
chloride or some other strong reducing agent constitutes a delicate test 
for ferric salts and reconfirms the previous absence of ferrous salts. 
Potassium thiocyanate gives no reaction with ferrous salts; with ferric 
salts the Uood red ferric thiocyanate, re(CNS)., (solution),* is formed (;). 
This constitutes an exceedingly delicate test for iron in the ferric condi- 
tion (the original solution should always be tested). According to Wagner 
{Z,, 1881, 20, 350) one part of iron", as ferric salt, may be detected m 
1,600,000 parts of water. The red salt of ferric thiocyanate is freely 
soluble in water, alcohol, and ether; it is extracted by ether from aqueous 
solutions and thus concentrated, increasing the delicacy of the tost (Xatan- 
son, A.y 1864, 130, 246). The red color of the liquid is destroyed by 
mercuric chloride (A-), also by phosphates, borates, acetates, oxalates, tar- 
trates, racemates, malates, citrates, succinates, and the acids of these salts. 
Nitric and chloric acids give red color with potassium thiocyanate, re- 
moved by heat. 

• The quantity of non-dissociated FeCCKS), , to which the color Is duo, is increased by an ex- 
cess of either of the products of the dissociation. The test for Iron is therefore more delicate 
If considerable KCNS is added. The decoloration by H^Cl, is due to the breaking up of the 
Fe(C!l8) J to form Hg(CN8)a which is even less dissociated in water solution than HgCl, . 
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(a) FeCla + 3KCN -h 3H,0 = re(OH), + 3KC1 + 3HCN 
(6) reSO, + K^e(CN)e = KJFere(CN), -f K^SO, 

(c) K,Fere(CN), + 2K0H = re(OH), -f K^FeCCN), 

(d) 4K;FeFe(CN), + O, + 4HC1 = Fe,(Fe(CN)e), + K,Fe(CN)e + 4KC1 + 2H,0 
(c) 4FeCl, + :5K,Fe(CN)e = Fe,(Fe(CK),), + 12KC1 

(f) Fe,(Fe(CN),), + 12K0H = 4Fe(0H), + 3K,Fe(CN), 

{g) 3FeS0« + 2K,Fe(CN)« =Fe,(Fe(CN)«), + SK^O, 

{h) Fe,(Fe(CN),), + 6K0H = 3Fe(0H)= + 2K,Fe(CN)e 

(I) FeCl, + K,Fe(CN), = FoFe(CN)« + nKCl 

(/) Feci, + 3KCNS = Fe(CNS), + 3KC1 

(A-) 2Fe(CNS), + 3HgCl, = 3Hg(Cire)2 + 2FeCl. 

■ c. — Nitric acid readily oxidizes all ferrous salts to ferric salts, the reac- 
tion being hastened by the aid of heat. As the iron is reduced to the 
ferrous condition in the precipitation of the metals of the second group 
with hydrosulphuric acid, the oxidation with nitric acid is necessary to 
insure the precipitation of all the iron as hydroxide in the third group 
(6a and §117). 

(1. — Hypophosphorons acid reduces ferric salts to ferrous salts. From 
solutions of ferrous salts, alkali phosphates, as NasHFO^, precipitate 
secondary ferrous phosphate. FeHP04 ^ niixed with the tertiary salt, 
^£^^(20^)2 y white to bluish white, soluble in mineral acids. By the addi- 
tion of an alkali acetate, the precipitate consists of the tertiary phosphate 
alone: SFeSO^ + %lSi^^^^ + 2NaC2H30o = Fe3(P0J, + SNa^SO^ + 
2HC0H3O2 . Ferric salts are precipitated as ferric phos])hate, FeF04 , 
scarcely at all soluble in acetic acid, but readily soluble in hydrochloric, 
nitric and sulphuric acids.* Hence ferric salts which are not acetates 
are precipitated by phosphoric acid with co-operation of alkali acetates: 
FeClg + H3FO4 + SNaCoHgO, = FePO^ + 3NaCl + SHC.H.O, . If phos- 
phates of the fourth group and the alkaline earths be present they are 
precipitated with the third group metals by ammonium hydroxide in the 
usual course of analysis (§146 and ff.) : phosphates of Co, Ni, and Zn being 
redissolved by the excess of ammonium hydroxide. To prevent this gen- 
eral precipitation with the metals of the third group, when ])hosphates 
are present, the acid solution (after removal of the second group by hydro- 
gen sulphide and the expulsion of the gas by boiling) is treated with an 

•Equilibrium roquiros that a weak acid, aa phosphoric, bo present for the most part as the 
non-(lissf)ciatt*d molecule. Rut PeP04 , as any neutral salt, is dissociated, so far as it dissolves 
In water, into Its Ions, as Is also the stronff hydrochloric acid. Rrinjring- these toijrethor will re- 
sult In the union of the H ion of the acid and the PO4 ion to non-dissociated HgPCJ^, thus 
maintaining the equilibrium for H,P04 , but disturbing that between solid and dissolved 
PeP04 , which retiuiresa certtiln concentration of PO4 ions. To restore the latter more PeP04 
dissolves, only to react with the II Ions as before, and this j^rocess continues until the H ions 
of the hydrochloric acid are reduced to such small quantity as to be in equilibrium with the 
PO4 Ions or, if the IICl Is In excess, until the PeP04 is entirely dissolved. This process takes 
place whenever a strong acid dissolves the palt of a weak one. It Is analogous to the solution 
of a base In an acid, forming non-dlssoclated water. 
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excess of sodium acetate and ferric chloride is added drop by drop, until 
a red color indicates complete precipitation of the phosphate and forma- 
tion of ferric acetate. The mixture is then boiled and filtered hot. 
Evidently another portion of the solution must be tested for iron. All 
of the phosphoric acid present is thus precipitated and separated from 
the metals of the remaining groups. Care should be taken to avoid an 
excess of the ferric chloride as the ferric phosphate is somewhat soluble 
in ferric acetate solution. The alkali hydroxides transpose ferric phos- 
phate (freshly precipitated), forming ferric hydroxide and alkali phospJiate. 
The transposition is not complete in the cold. With fixed alkali hydroxide 
aluminum phosphate is dissolved, thus effecting a separation from chrom- 
ium and iron. Ferric phosphate warmed with ammonium sulphide forms 
ferrous sulphide, ammonium phosphate and sulphur: 4FeP04 -{- GdlHjjS 
= 4reS + 4(NH,)3P0, + S^ . 

e. — Hydrosnlphuric acid is without action upon ferrous salts in acid or 
neutral solutions, except a slight precipitate is formed with neutral fer- 
rous acetate. Alkali sulphides and HoS in alkaline mixture, form ferrous 
sulphide, FeS, black, insoluble in excess of the reagent, readily soluble in 
dilute acids with evolution of hydrogen sulphide. The moist precipitate 
is slowly converted, in the air, to ferrous sulphate and finally to basic 
ferric sulphate, re20(S04)2 . Ferric salts are reduced to ferrous salts with 
liberation of sulphur by H^S (1), or soluble sulphides, the latter at once 
reacting to precipitate ferrous sulphide (2) : 

(1) 4reCla -f 2H.,S = 4r6Cl3 -f- 4HC1 -f- s, 

(2) 4FeCl3 -f eCNHJaS = 4reS -h 12NH,C1 -f- S, 

After the removal of the metals of the second group by HgS, the iron 
present will always be in the ferrous condition (it will therefore be neces- 
sary to test the original solution to find the condition of the iron at the 
beginning of the analysis). The excess of HoS should be removed by 
boiling and the iron oxidized by carefully adding nitric acid drop by drop 
and boiling until the solution assumes a pale straw color (Gh). If this be 
done the iron will l)c completely precipitated in the third group by the 
ammonium hydroxide (Ga). 

Ferrous sulphite is but little soluble in pure water, easily soluble in excess of 
sulphurous acid, to a colorless solution. The moist salt oxidizes rapidly on 
exposure to the air (Fordos and Gelis, ./. Phnrm., 1843, (:{). 4, 333). Ferric 
sulphite is only known as a red solution formed by the action of SO.. u]x>n 
freshly precipitated re(0H)3, rapidly reduced to the ferrous condition accord- 
ing to the followinpr equation: Fe.CSOn)., = ^680., -f FeS,0„ (Gelis, C. T.. isr>2, 
896). Fcrrrnis thioRulphate, FeS.O:,, is formed, together with some FeS and FeSO,, 
by the action of SO^ upon Fe° (Fordos and Gelis, /. c). Ferric salts are reduced 
by sodium thiosulphate to ferrous salts in neutral solutions with formation of 
Bodium tctrathionate: 2FeCl, -f 2Na,S,0s = SFeCL -f 2NaCl -f- Na,S«0... (Fordos 
and Gelis. (\r., 1842. 15, 920): in acid solutions sulphuric acid and sul])hur are 
formed: 4FeCl, + 2NaJ3A + SH^O = A'FeCl^ -f 4NaCl -f ^'HiSO, -f S, (Men- 
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schutkin, 78). Ferric iron is precipitated as basic nitrate by the addition of a 
solution of ammonium sulphate to a solution of iron in HNO, evaporated to 
dryness and taken up with water (separation from aluminum) (Beilstein and 
Luther, C, C, 1891, i, 809). 

/. — Chlorides and bromides of both ferrous and ferric iron are formed 
but only ferrous iodide exists. Ferric salts are reduced to ferrous salts 
by hydriodic acid with liberation of iodine. 

g, — Soluble arsenites and arsenates precipitate solutions of ferrous and ferric 
salts, forming the corresponding arsenites and arsenates. Basic ferric arsenite, 
4Fe20,.ASjO3 + SHjO , is formed when an excess of ferric hydroxide is added 
to arsenous acid. It is insoluble in acetic acid. It is formed when moist 
ferric hydroxide is given as an antidote in case of arsenic poisoning (§69, 6^ 
and 6'e; D., 3, 352). 

Ji. Ferrous salts are rapidly oxidized to ferric salts by solutions of chro- 
mates, the chromium being reduced to the triad condition (9 and 10). 
With ferric salts potassium chromate forms a reddish-brown precipitate. 

I. — Zinc oxide precipitates solutions of Fe'" , Al , Cr"' and Cu completely and 
Pb partially, effecting a separation of these metals from Mn , Co and Ni 
(Meineke, Z. angexc, 1888, 258). 

7. Ignition. — The larger number of iron salts are decomposed, as solids, by 
heat; FeCl, vaporizes partly decomposed, at a very little above 100°. Igni- 
tion in the air changes ferrous compounds, and ignition on charcoal or by 
reducing flame changes ferric compounds to the magnetic oxide, which is 
attracted to the magnet. Ferrous oxalate ignited in absence of air gives FeO . 
Ferric oxide ignited in a current of hvdrogen gives Fe,©* from ;}30° to 440°, FeO 
from 500° to 600°, and Fe° above 000° (Moissan, A. C//., 1880, (5), 21, 100). 

In the outer flame, the borax bead, when moderately saturated with any 
compound of iron^ acquires a reddish color while hot, fading and becoming 
light ycUoir when cold, or colorless, if feebly saturated. The same bead, held 
persistently in the reducing flame, becomes colorless unless strongly saturated, 
when it shows the pale green color of ferrous compounds. The reactions with 
microcosmic salt are less distinct, but similar. Cobalt, nickel, chromium and 
copper conceal the reaction of iron in the bead. 

Ferric compounds, heated briefly in a blue borax bead holding a very little 
cuprlc oxide, leave the bead blue: ferrous compounds so treated change the 
blue bead to red — the color of cuprous oxide. 

8. Detection. — After removal of the first two groups the iron (now in 
the ferrous condition) is oxidized by HNO3 and then precipitated in pres- 
ence of NH^Cl with Al and Cr'" by an excess of NH.OH . The Al is re- 
moved by boiling with excess of KOH . If more than traces of Fe bo 
present it is detected in presence of the Cr(OH)..^ , by dissolving in HCl 
and obtaining the blood-red solution witli KCNS . In case Cr bo present 
in great excess the Cr(0H)3 and re(0H)3 are fused on a platinum foil with 
NaaCOg and KNO3 , oxidizing the Cr to a chromate soluble in water. After 
filtering, the precipitate of FCoOa is dissolved in HCl and tested with KCNS. 
The original solution must be tested to determine whether the iron was 
present in the ferrous or ferric condition. A portion of the original 
solution acidified with HCl gives blood red color with KCNS if Fe'" is 
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present, no color for the Fe". Another portion gives a blue precipitate 
with K3rc(CB')e if Fe" is present, only a brown or green color for the 
Fc'" (6&). 

9. Estimation. — (1) After oxidation to Fe'" , if necessary, it is precipitated 
with NH4OH , dried, ignited to a dull-red heat and weighed as EBsO, . (2) By 
precipitation with nitroso-y3-naphthol in slightly acid solution (Knorre, B., 1887, 
20, 283). Volumetrically: {3) As ferrous iron, by titration with a standard 
solution of KMn04: lOFeSO^ + 2KM11O4 + 8HaS0, = 5Fea(S0,), + K.SO^ -f 
2MnS04 + 8H2O . (4) By titration with a standard solution of KjCrjO, , using 
a solution of K,Fe(CN)« as an external indicator: 6FeS04 + K^CTjOt -f TH^SO^ = 
3Fea(S04), + K3SO4 -f Cr2(S04), -f 7H,0 . (5) As ferric iron, by titration with 
a standard solution of NajSaO, , using KCNS as an indicator: 2FeCl3 + 2X^2820, 
= 2FeCl3 -f Na3S408 -f- 2NaCl . A few drops of a solution of C11SO4 are added, 
which seems to hasten the reaction and gives more accurate results; or use 
excess of the Na^SzOs and titrate back with standard iodine (Crafts, J. C, 1873, 
26, 1162). (6) The iron as ferric salt is treated with an excess of a standard 
SnCl} solution, the excess of the S11CI3 being determined by a standard solution 
of iodine in potassium iodide: 2FeCl8 + SnCl^ = 2F6CI2 -f- SnCl4 . (7) Potas- 
sium iodide is added to the nearly neutral ferric chloride; the flask is stoppered 
and %varmed to 40**. The iodine set free is titrated by standard NasSaO, 
(very accurate for small amounts of iron). (8) When present in traces it is 
determined colorimetrically as Fe(CNS)8 in etlierial solution (Lunge, Z, angew.y 
1894, 069). 

10. Oxidation. — Metallic iron precipitates the free metals from solu- 
tions of An , Pt , Ag , Hg , Bi , and Cu (separation from Cd). 

Solutions of Fe" are changed to Fe'" solutions by treating with solutions 
of An , Ag , Cr^^ Mn^", Mn^^ and HoOo . In presence of some dilute 
acid, such as HoSO^ or H3PO4 by PbO^ , PbgO^ , MUgO^ , MnOj , MttjOg , 
CO2O3 , NijOa . The following acids also oxidize Fe" to Fe'", HNOo , HNO3 , 
HCIO , HClOo , HCIO, , H,SO, (if concentrated and hot), HBrO , HBrOg 
HIO3 , also Br , CI . Br and CI in presence of KOH changes Fe" and Fe'" 
to KoFeO^ . Barium ferrate is the most stable of the ferrates; they are 
strong oxidizers, acting upon nitrites, tartrates, glycerol, alcohol, ether, 
ammonia, etc. (Rosell, J. Am. Sor., 1895, 17, 760). 

Fe'" is reduced to Fe" by solutions of Sn", Cu', H3PO0 , H3PO3 , HoS , 
H2SO3 , NaoSoOs , and HI . Also by nascent hydrogen, or by any of the 
metals w-hich produce hydrogen when treated with acids, including Pb , 
As , Sb , Sn , Bi , Cn *, Cd , Fe , Al , Co , Ni , Zn , and Mg f . 

• Camogrie, J. C, 1888, 58, 468. t Warron, C. N., 1889, 60, 187. 



160 



ANALYSIS OF THE IRON GROUP. 



§127. 



§127. Table for Analysis of the Iron or Third Group (Phosphates 
and Oxalates being absent). See §312. 

To the clear filtrate from the Second Group, in which HjS will cause no pre- 
cipitate (§80), and freed from HjS by boiling, add a few drops of Nitric 
Add and boil an instant (to oxidize ferrosum*). Immediately add 
Ammonium Chloride (§134, 5b; §189, 5b) and an excess (§135, 6a) of 
Ammonium Hydroxide (§116). If there is a precipitate, filter and wash. 

Precipitate: Al(OH), , Cr(OH), , Ee(OH), . 

Pierce the point of the filter, and with a little water wash the precipitate 
into a casserole or evaporating dish; add a few drops of Potassium or 
Sodium Hydroxide and boil for several minutes. If a residue remains, filter 
and wash. 



Besidue: Cr(OH),, Fe(OH), . 

Fuse a portion of the residue on a platinum foil 
with potassium nitrate and sodium carbonate, 
cool, digest in warm water and filter (§125, 7). 



Besidue: Fe,0,. 

Dissolve the residue in 
HCl and test for iron 
with potassium thio- 
cyanate (§126, 66). 

If the residue after re- 
moval of the aluminum 
does not indicate an ex- 
cess of Cr by its green 
color, it may be dis- 
solved in HCl and test- 
ed for the blood-red 
color with KCNS . 

Iron being found, to de- 
termine whether it is 
ferric or ferrous, or 
botht, in the original 
solution, test the latter, 
after acidulating with 
hydrochloric acid, with 
KCNS for ferricum, 
and with K,Fe(CN)e for 
ferrosum (§126, 6&). 



Studv §136, §128, §129, 
§130 and §131. 



Solution: Na^CrO^ , 
XCrO^ (Na,CO.) . 

Acidify with HCAOs and 
precipitate the chro- 
mium as lead chromate 
(yellow) with a solu- 
tion of lead acetate 
(§57. Qh). 

If the original solution 
contains a chromate it 
will be yellow (normal 
chromate), or red (acid 
chromate), and will 
give the reactions for 
chromates with 
Pb(C3.O02. BaCl,, 
etc. (§125. 6h). If the 
chromium is present as 
achromicsalt,Cr2(S04)„ 
the solution will have 
a green or bluish-green 
color and will give the 
general reactions as de- 
scribed at §125, 6. 

Chromates should be re- 
duced bv boiling with 
HCl and C,H^OH be- 
fore proceeding with 
the regular course of 
analysis (§125, Cf). 



Study §136, §128, §129, 
§130, §131. 



Solution: KAIO, . 

Make the solution slight- 
ly acid with hydro- 
chloric acid, and then 
add ammonium car- 
bonate. A precipitate 
is Al(OH), . 

The same result is ob- 
tained with nearly 
equal certainty by add- 
ing an excess of NH«C1 
to the alkaline solution 
(§124, 6a; §130). 

Lead and antimony give 
similar results if 
(through carelessness) 
they have not been 
removed (§131, 6). 



Study §136, §128. §129, 
§131, 6. and §124, 6. 



• In the filtrate from the Second Group iron Is necessarily in the ferrous condition (ia« fV-. 
t Ferrous salts, which have been kept in the air, are never wholly free from ferric compounfl?. 
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DlRECTIOKS FOR THE ANALYSIS OF THE MeTALS OF THE ThIRD GrOUP. 

§128. Mampulation* — Boil the filtrate from the secoDd group (§80) to 
e^pei iho H^.S and then oxidize any ferrous iron that may be present by 
the addition of a few drops of HNO^^ , continuing the boiling to a clear 
straw-eolored solution (P26, (Ir): 

arefiO, + 4HN0, = Fe,(SO,), -h re(NO,), + NO + 2H,0 
Add to the solution about one-haif its volume of ITH^Cl (56, §§134 and 
189) and warm and then add KH^OH in a decided excess (§135, tia); 
MgCL + NH.Cl + NH.OH = NH.MgCl, -h NH.OH 
F€,(SOJ. + 5NH,0H ^ L*re(OHj» + :UNH*),SO. 
ZnSO, + 4NH,0H = (NKj.inO, -h (NHJ^Q, + 2Mja 

Heat nearly to boiling for a moment, fdter, and wash with hot water. 
Kotice that the filtrate has a strong odor of ammonium hydroxide and 
set aside to be tested for the metals of the Bucceeding groups (§138). 

§129. Xfties.— {1} If the H^S Is not all expeUed* it becomes oxidized by the 
HNO, with de'pOHition of a milky precipitate of sulphur (§257, *>/i), which 
tends to obscure the reactions following: 6HtS + 4QN0, ^ 3S» + 4 WO -h J^HjO. 
AJso *iny H^S not decomposed by the HNO, would cause a precipit«te of the 
Bulphidt^s of the fourth frroup upon the addition of the NH^OH: H^S + NlCl^ -h 

awH^oa: = Kis + 2NH,ci + 2H,o . 

(i> Any iron that Tuay have bten present in the original solution in the 
ferric condition is reduced to the ferrous condition b3' the H,S (§128, Ge); 
4F6C1, + 2H,S = 4F6C1, + Sj + 4HC1 . The ferrous 'hydro^cide is not com- 
pletely insoluble iu the ammonium fealta present (SI 17), and hence unless the 
oxidation with the MNO« be complete, some of the iron will be found in the 
next group, 

(S) If considerable iron be preaent the solution becomes nearly black upon 
addition of nitric acrd* due to the combination of the nitric oxide with the 
ferrous iron (§241, §a). Therefore the boiUng*, and addition of HNO^ , a drop 
or two at a time, must be continued until the solution assumes a brii^ht straw 
color. 

(4) If nitric acid be added in excess there is danger that Mn will be oxid- 
ized to the triad or tetrad condition then it is precipitated with iron ju the 
third group (§134, f>«). The careful additioa of the nitric acid (avoiding' an 
excess) prevents this oxidation of the raanganese. 

(J) Ammonium hydroxide precipitates a portion of Mn (§134, 6a) anil Mg 
(§189, 5f!), but these hydroxides are soluble in NH.Cl (5c, I §134 and 1S9); 
hence if that reagent be added in excess the Mn (§134» 6«) and Mg are not at 
all precipitated by the NH^OH: 

2MnCI, + 2NH,0H = Mii(OH), + (NH,),M:nCl, 

Mn(OH), + 4NH,C1 = (NH,),MnCl, + 2NH,0H 

2MgCi, + 2NH,0H = MgrOH), + WH,MgCl, + WH.Cl 

Hg(OH), + 3NH,C1 = NH.MgCl, + 2NH.0H 

(5) Ammonium chloride lessens the solubility of Al(OH>j in the NH,OH 
sol^tmn liud effeets an almost quantitative precipitation of that metal (§117). 

(7) UH^OH precipitates solutions of Co , Nl and Za , hut these precipitates 
are readily soluble in an excess of the NH,OH (|116). To insure the presence 
of an f^xeesK of NH4OH the odor should be noted after shaking the teit tube 
and after tho solution has been heated. 

(K) The prrfTpitatcs of the hydroxides of Al , Cr and Fe'" filter much more 
rapidly if the precipitation takes place from a hot solution (§124| 4 and ^a). 
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(9) In the presence of chromium the filtrate from the third group is usually 
of a slight violet color, due to the solution of a trace of chromium hydroxide 
in the NH4OH (§125, On). Boiling- the solution to remove excess of ammonia 
prevents this. 

(10) A small portion of the filtrate of the second group after the removal of 
the HjS by boiling* should be tested for the presence of phosphates by am- 
monium niolybdate (§75, fid). If phosphates are found to be present, the 
method of analysis of the succeeding groups must be considerably modified. 
These modifications are fully discussed under §145 to §153. 

§130. Manipnlation. — The well washed precipitates of Al , Cr , and Fe'" 
hydroxides are transferred to a small casserole or evaporating dish by 
piercing the point of the filter and washing the precipitate from the filter 
with as small an amount of water as possible; and then boiled for a 
minute or two with an excess of NaOH : 

Al(OH), -f NaOH = NaAlO, + 2HaO 

Cr(OH), + NaOH == NaCrO^ + SH^O (in the cold) 

NaCrOa + 2H3O = Cr(OH), -f NaOH (upon boiling) 

The alkaline liquid is filtered (§131, 1) (the filtrate is reserved 
to be tested for aluminum), and the remaining precipitate fused on a 
platinum foil with a mixture of equal parts of KNO3 and NagCO.,: 2Cr(0H)3 
+ 2KNO3 + Na^COg = K^CrO, + Na^CrO, + 2N0 + CO^ + 3H.0 
(§125, 7). The fused mass is then dissolved in water, filtered, rendered 
acid with acetic acid and tested for chromium with Pb(C.H302)2 ? a yellow 
precipitate at this point being sufficient evidence of the presence of 
chromium: Na.CrO^ + KjCrO^ + 2Pb(C2H30o)o = 2PbCrO^ + 2NaCoH30.. 
+ 2KC2H,02 (§57, Gh). 

The residue of the fused mass not soluble in water should be washed 
with hot water and then dissolved in HCl : FCoOg + 6HC1 = 2reCl3 + 
3H2O , and tested for iron with KCNS : FeCl, + 3KCNS = Fe(CNS)3 + 
3KC1. 

If iron has been found to be present, the original solution acidulated 
with HCl (or a few drops of the filtrate from the first group) should be 
tested with KCNS for the presence of ferric iron (§126, Gh) and with 
K3Fe(CN)Q for the dark blue precipitate of Fe3(Fe(CN)^,)2 indicating the 
presence of ferrous iron (§126, 6&): 3FeS04 + 2K3Fe(CN)e = Fe3(Fe(CN)e)2 
+ 3K2SO, . 

The alkaline filtrate obtained after boiling the precipitated hydrox- 
ides with NaOH , is slightly acidulated with HCl : KAIO. + 4HC1 = 
AICI3 + KCl + 2H2O , and then precipitated with (NHJ2CO3 , a white 
gelatinous precipitate being evidence of the presence of aluminum: 
2AICI3 + 3(NH,),.C03 + 3H,0 = 2A1(0H)3 + GNH.Cl + 3CO2 . Or an 
excess of NH^Cl may be added directly to the alkaline filtrate, giving the 
white gelatinous precipitate of aluminum oxide-hydroxide: 2KAIO2 + 
2ira,Cl + H2O = Al20(0H), + 2KC1 + 2NH3 (§124, Ga). 
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1131, yi}im.—{t) Chroiniiiin hydroKide when precipitated ftoin so hit ions of 
pure chromie salt^i by N'aOH is readily soluble in nrj excess of the eold reagent 
<§l25t »W;): but in preseuee of animontum sallN or of ferric hydroxitle the 
c^hroinliun byclroxide i.s not etjinpk'tt'ly soluble in a cold solution of the iised 
it 1 kali. This preveiitK the use of the cold fixi*d alkali as a means of separatioii 
tif Cr and Al from Fe'" . The student is therefore directed to boil the mixture 
of thes** three hydroxides with NaOH\ thvm precfpitatinfr the whole of the 
rhr**inium nnd ctTt^etmpr a qvuintttative separation of Cr «nd re*"' from Al . If 
iht^ aiknline liquid is too concentrated to filter, it muBt be diluted with water. 

{i) I'nless the precipitate of the hydroxides is a very dark ^reen, due to 
the presence of a Inrflre amount of chromium, a portion of the precipitate Bhmdd 
be dis&olved in HCl and tei*ted with KCNS for the presence of iron. The 
presence of a moderate amount of fhromiuiu does not interfere. 

{4) In the absence of rhrominm the prei^ence of more than traces of iron 
Iftves a brown color to the amuKinium hydroxide precipitate (§126, 6rt), alu- 
minum hydroxide beings a white ffeintinous precipitate. 

f.J) If the fused mass has a green color, mang-anese (|134» 7} is evidently 
present in larp-e quantities and wns not completely separated by the ITH^Cl 
and NH^OH (1134^ i>fO- By dissolving the fused mas£s in water and carefully 
warming with HCl* the manfyani^itc. K.M11O4 ^ may be reduced (a) (|134. 5c) 
vvifhi>iit effecting: a reduction of the ehnminte* which may be precipitated as 
BaCrO, by BaCla after neutraUzatioji with NH|OH , Or the fused mass may 
be warmed with hydrochlorfc acid nnd alcohol* etTcctin^'- complete reduction fb), 
and this solution a^fain precipitated with NH^OH , which will prevent more 
than traces of the mang-anese from beinp" precipitated with the third group 
hydroxides* If a^ain upon fusion with KKO9 and K^COb a green mass is 
obtaioed* the operation should he repeati*d: 

(«) K.MuO, + SHCl = MnCl, -f 2KC1 + 2C1, + 4H,0 

(&) 2K,CrO, + lOHCl + aO,H,0 = 2CrCl, 4- 4KC1 + riC,H,0 + SH,0 

{S) The presence of chromium as chromic salts is nsually indicated by the 
green or hluish-green color of the original solution. Chromium os chroma te^i 
(red or yellow) should be reduced to chromic salts by boiling' %vith HOI and 
CjHaO before proceeding with the reg^dar group separations (S125, »if and fK 
M.S will etTect this reduction but g-ives also a precipitate of ^nlphvir which 
fihoukl he avoided when convenient to do so: 2X^CTjOt + K'lHCl + r^H^S =■ 
4CrCl, + 4KC1 + ;iS, + 14H,0. 

{H) Too much stress cannot he laid upon the necessity for removing all the 
metals of one group before testing the filtrate ffjr the metaks of the next 
succeeding' group* If throng-h lack of sufficient H;S or too much HCl , lead or 
antimony are not completely removed in the second group, they will give all 
the reactions for aluminum (§57> 0«, and |70, r^r;): hence as a safeguard it is 
adviftcd to test the w*hite precipitate, iiidlcatyng filuminum, with H3S * A 
Idack or orange precipitate is evidence of unsatisfnctory work and the student 
should repeat hl^ analysis* 

(7) The presence of a traee of white precipitate in the final test for aluminum 
may be due to the presence of that metal in the fixed alkali (§124, Bo, footnote), 
or it may be caused by the tise of too concentrated fixed alkali, which may 
dissolve ailiea from the g^lass of the test tubes or remove it from the filter 
paper (§249, 5), 



The Zrxc Geofp (Foubth Grottp), 

Cobaltr Hickel, Hanfaaase, and Zinc* 

gl32* Cobalt. Co z= 59.00 . Usual valence two and three. 

1. Properties,— iS'/jrri/fr i?raHljE/, powder from the oxide reduced h^' hydropfen, 
mean of five samples. 8.957 (Rammelsbere". P^m-* \%\^, 78, m)i nwUttiff point, 
1500^ (Pictet. C, r,, 1879, 88, 1317). Cobalt is similar to iroa in appearance, is 
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harder than Fe or Ni , It Is malleabl**, very ductile and most tenacious of any 
mHa], the wire b«rng about twice an strong- ms iron wire (De\iHe, .1, CA„ 1SS»S, 
(»J>, 4G, 202 J. The fine j>owd*,*r oxidizes in the air quite rai^idly and may even 
take fire spontaneously; in a eompaet mass it is but little tami&hifd in moist air. 
At a white heat it bunis rapidly to Co,0| . It in attracted by the mag^net and 
can be made magnetic, retainin|f (unlike steel) its magnetism at a white beat, 

2. OcGtirrence. — Cobalt dctCK not occvir in a free state* except in meteoHe 
iron. It is found m limuieitr (CojSj; skutterudite (CoAs,); speiss cobalt 
(ComFeAs,): glaiiee cobalt fCoFeAaS,); wad (Cn,MnO/JMiiO, -h 4H,0): etc. 

[i. Preparation. — (i) By eleetralvsiii of thu chloride, (i) By beating With 
potnBsium or Hodium. (J) By heatiii|:f any of the oxides, hydroxides or the 
<^hloride in hydro^ren fras. ()) By fu&ion of the oxalate under powdered glas^. 
(J) Also reduced by carbon in various ways* 

4. Ojcides and Hydroxides.— fW*tiff*>i/§ axid^, CoO , is made (1) by hea ting- 
any of its oxidi's or hydroxides In hydrog-en to (not above) 350": (2) by ig^uition 
of Co (OH), or CqCOb . air beings excluded; (3) by heating 00,0^ to redness in 
a stream of CO, (Russell, J, f\, 1RG3, 16, 51); (I) by heating any of the higher 
oxides to a white heat (Moissan, A. Ch., IfiBO, (5), 21, 242). CfifmUm^ htfdr*tijidc 
is made from eobaltims srilts by precipitation with fixed alkalis: oxidizes if 
exposed to the air (<><r). The most stable oxide is the cikhalloso-i^ofmUic {Co^O^t 
trivoMlt i€troJ^<Ie[ it is made by hf^ating «ny of the oxides or hydroxideJ*, the 
carbonate, oxnlate or nitrate to a dull- red heat in the air or in ox.vR^eu ^"^5. 
Several oxide-hydroxides are known^ f.{f,, CoaO,(OH),, Co,0(OH)«, Co"pO,(OH),. 
{fnhaltl^ oj-irfr, Co^O^ ^ is made by heating the nitrate just hot enough for de- 
composition, but not hot eaough to form Co,Oj , Cohdttic hi/djyixide, Co(OH)a . 
is made by treating any cobaltons salt ivitli CI , HCIO , Br or I in presence of 
a fixed alkali or alkali carhoTiate, It diasolves in HCl with evolution of chlo- 
rine, in H^SOt with evolution of oxygen, fomirng a cobaltous salt. CoOj has 
not j'^et been isolated, but McConnell find Hancs (/. C, 1897, 71, tjSV} hare 
Bbown that it exists as H^CoOj and in certain cobaltitea. 

5, Solubilities, — fi.—J/ff<if.— Slowly soluble on warming in dilute HCl or 
HsSO« , more rapidly In HNO^ , not oxidized on exposure to the air or when 
heated in contact with alkalis. Like iron, it may cxitst in a passive form 
(Nieklee, J. pr., 1854, 61, IfiS; St. Edrue, C, r., 1H89, 109, 'JO-l). With the halogena 
it forms coljaltona compounds (Hartley, ,/. C, 1874, 27, 501). h.~0J^id€9 and 
hydro j-i4lrH.—CohB.}to\iE oxide (gray -green) aad hydroxide (rose-red) are in- 
soluble in water: sohible in acids, in ammonium hydroxide, and in concentrated 
solutions of the fixed alkalis when heated (Zimmerman, J., 1SS6, 232, :^24); 
the various higher oxides and h.vdroxides are iusoltrble in ammoni\im hydroxide 
or chloride (separation from ntckelous hydroxide after treating with iodine 
in alkaline mixture) (Donath, Z., l8Slt 20, 3B6), and are decomposed by acids^ 
evolving oxygen with non-reducing acids, or a halogun from the halogen acids, 
and forming robaltous salts. COjO^ is said to be soluble in acids vtith great diffl- 
culty (Gibba and Geuth, Am. S!., 1857, (2), 23. 2^7). c.—8fiU4i, ^Coh^lt forms two 
classes of salts: cotwttonH, derived from CoO , and cal»tU\e, from COjOj . The 
Jatter salts are quite unstable, decomposing in most cases at ordinary tctn- 
peratures, forming cobaltous salts. The cobaltous salts show* a remarkable 
variation of color. The crystallized salts with therr w^ater of crista 11 istat ion 
are pink; the anhydrous salts are lilac-blae. In dilute solution the palts are 
pink, but most of them are blue when concentrated or in presence of strong 
acid. A dilute solution of the chloride spreads colorless ^ipon white paper, 
turning blue upon beating and colorless again upon cooling, used as ** sympa- 
thetic ink," 

Cobaltous nitrate and acetate are ri^?f*/»f«rfwf : ehloridCi hygroscopic; sulphate, 
efflorescent. The chloride vaporizes, un decomposed, at a high temperature. 

The rarbonate, sulphide, phosphate, borate, oxalate, cyanide, ferroeyunide 
and ferricyanide are ivsirthihif in water. The potassium -cobaltous oxide is in- 
soluble; the ammonio-cobaltous oxide, and the double cyanides of cobalt and the 
alkali metals, soluble in water. Alcohol dissolves the ehloride and nitrate; 
ether dissolves the chloride, sparlnjrlv, more so if the ether be saturated with 
HCl gas (separation fmrn Ni) (PlncTUa, f\ r„ 1^97, 124, ^62). Most of the 
salts insoluble in water form soluble compounds with ammonium hydroxide. 
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6. Beactions, a. — The fixed alkali hydroxides precipitate^ from solu- 
tions of col>altou9 salts, blue bask mils, which ahsorh oxygen from the air 
and turn olive green, m cohaltoso-eobaltic hydroxide; or if boiled before 
oxidation in the air, become rose-red^ as cohaUous hydroxide^ Cd(OH)£ , 
The cobaltons hydroxide is not soluble in excess of the reagent, but is 
somewhat soluble in a hot concentrated solution of KOH (distinction froia 
m) (Eeichel, Z., 1880, 19, 468), Freshly precipitated Pb{OH). , Zii(OH)a , 
and HgO precipitate Co(0H)2 from solutions of cobaltous salts at lOO"", 
Ammonium hydroxide causes the same precipitate as the fixed alkalis; 
incomplete, even at first, because of the ammonium salt formed in the 
reactioiij and soluble in excess of the reagent to a solution which turns 
brown in the air by combination with oxygen, and is not precipitated by 
potassium hydroxide. The reaction of the precipitate with ammonium 
salts forms soluble double salts (as with magnesium); the reaction of the 
precipitate with ammonium hydroxide produces, in different conditions, 
different soluble coiiipounda noted for their bright colors, as (NHj^CoCL , 
(ira,),CoCL , (WHj.CoCl, , etc. 

Alkali carbonates precipitate cobaltons basic-carjfmate, Co«0,,(C0.i)3 j 
peach*red, which when boiled loses carbonic anhydride and acquires a 
violet, or, if the reagent be in excess, a blue color. The precipitate is 
soluble in ammonium carbonate and very slightly soluble in fixed alkali 
carbonates. Carbonates of Ba , Sr , Ca ^ or Mg do not precipitate cobaltous 
chloride or nitrate in the cold (separation from Fc"^ Al , and Cr'")j hut 
by prolonged boding they precipitate them completely. However, if a 
solution of a cobaltous salt be treated with chlorine, a cobaltic salt is 
formed (Ba), which is precipitated in the cold on digestion with BaCO^ 
(distinction from Ni). 

6-— Oxalic ftcld ami oxalates precipitate reddish-white mbaU4)m oi^lnU^ 
C0C2O4 , soluble in miiiernl aeids and in ammonmm hydroxide* 

Alkali cyanides— as KCN— precipitate the brownish-white cobaltous 
cffanidey Co(CN); , soluble in hydrochloric acid, not in acetic or in hydro- 
cyanic acid J soluble in excess of the reagent, as double cyanides of cobalt 
and alkali metals — {KCN).jCo(CH)2 — potassium cobaltous cyanide, the solu- 
tion having a bro\m color: CoCL + 2KCN = Co{CN), + SKCl * Then 
Co(CH)^ + 2KCir — (KCF)^Co{CN)y . Dilute acids, wiihont diffesfion, 
reprecipitate cobaltous cyanide from this solution (the same as with Ni): 
(KOT)Xo(Clf}, + 2HC1 = Co(Cir). + ^HCH + 2KC1 . But if the solu- 
tion, with excess of the alkali cyanide and with a drop or two of hydro- 
chloric acidj* insuring free HCN , be now digested hot for some time, the 

« Hoore iC, If., 1B8T, CM. d) adds ^Uclal phosphoric ioid to tha neutrid BolatioQfl of oohnlt aM 
nlcket, wnttl the precipitate first form&d bcgian to redlMohie ; then he adda KCM and IkjUs, 
ooaUnuIng- the* boJIinj^anc) ^iddjttoo of KCM until KOH fi^lls to givG n pr^tpltate. He then 
'wanna wltb exeesa of bromine In proseooe of KOHi whereupon the olekel la eompletely piio- 
Oipltatad learlaEr the cobalt to solution. See abo Hamblir {V^ N., l^i« 65 « 280). 
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cobaltous cyanide is oxidized and converted into alkali cobalticyanide — as 
K8Co(CN)e — corresponding to ferricyanides, but having no corresponding 
nickel compound : 

4Co(CN), + 4HCN + O, = 4Co(CN), (cobaltic cyanide) + 2H,0 
Co(CK), + 3XCK = X,Co(CN), (potassium cobalticyanide). 

In the latter solution acids cause no precipitate (important distinction from 
nickel, whose solution remains (KCN)2Ni(CN)2 , and after digestion as 
above is precipitated with acids). The potassium cobalticyanide solution, 
after removal of the Ni , may be precipitated with HgNO, (Gibbs, J. C, 
1874, 27, 92). The oxidation of the cobalt may be hastened by the pres- 
ence of chromic acid, which is reduced to trivalent chromium compound : 
6Co(CN)2 + 24KCN + 2Cr03 + SH^O = 6K3Co(CN)e + Cr^Oa + 6K0H 
(McCulloch, C, N., 1889, 69, 51). 

Ferrocyanidesy as X4Fe(CN)« , precipitate cobaltous ferrocyanide, Co,Fe(CN)« , 
gray-green, insoluble in acids. Ferricyanidea, as K,Fe(CN)a , precipitate cobalt- 
Otis terricyanide, Co8(Fe(CN)e)2 * brownish-red, insoluble in acids. But a more 
distinctive test is made by adding ammonium chloride and hydroxide^ with the 
ferricyanide, when a blood-red color is obtained, in evidence of cobalt (distinc- 
tion from nickel). Potassium xanthate forms a green precipitate in neutral or 
slightly acid solutions of cobalt salts (§133, 6b), 

Nitro80-^-naphthol completely precipitates solutions of Cn, Fe, and Co ; 
Ag , Sn , and Bi salts are partially precipitated; and Pb , Eg , As , Sb , Cd , 
Al, Cr, Mn, Ni, Zn, Ca, Mg, and 01 remain in solution (Burgass, Z. 
angew.y 1896, 596). In analysis for the separation of cobalt and niclcel it is 
recommended to proceed as follows : The metals preferably as sulphates or 
chlorides are acidulated with hydrochloric acid and treated with a hot 
solution of nitroso-/9-naphthol in 50 per cent acetic acid, until the whole 
of the cobalt is precipitated. The brick-red precipitate is then washed with 
cold HCl , then with hot 12 per cent HCl , and finally with water. The 
separation is quantitative. The precipitate may be ignited in air to the 
oxide or with oxalic acid in an atmosphere of hydrogen and weighed as 
the metal. For qualitative purposes the cobalt in the precipitate may be 
identified by the color of the borax bead (7). The nickel in the filtrate 
may be precipitated by hydrosulphuric acid and identified by the usual 
tests (Knorre, B., 1887, 20, 283 and Z. angew., 1893, 264). 

c. — Potassium nitrite forms with both cobaltous and nxclkelous salts the 
double nitrites, Co (N02)2.2KN02 and Ni(N02)2.2KN02 , soluble. The nickel 
compound is very stable, but if the cobalt compound, strongly acidulated 
with acetic acid, be warmed and allowed to stand for some time, preferably 
twenty-four hours; the cobalt is completely precipitated as the yellow 
crystalline potassium cobaltic nitrite, Co(N02).v3KNOo (separation from 
Ni): C0CI2 + 6KNO2 + HC2H3O2 + HNO2 = Co(N02)8.3KN02 + 2KC1 + 
KC2H3O2 + H2O + NO . 
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(i;— FhoflphateB, as Nii^HPOt , precipitate cobaltous baHs ns the reddish 
cobattott^ phfixphtitt\ CoHPO^ , solul^le in acids ond hi amnioniiim hydroxidt. 
Sodium pyrophospliate formsi a gelatinouB precipitate with solutions of eobalt 
Baits, soluble in exeesa of the reagent. The addition of acetic acid causes a 
precipitation of the cobalt even in the presence of tartrates (separation from 
Ni, biit not from Mn or F«) (Vortmann, U., 1888, 81, llO;i). If a solution of 
cobaltous salt be treated %vith a saturated solution of ammoniiim phosphate 
.and hydrochloric acid^ and when hot treated with an excess *>f Bmtnonium 
I hydroxide* a bluish precipitate of GoNH^FO^ will appear on stirring (separa* 
tion from nieke! *) (Clark, 6\ :^,, 1883, 48, 262; Hope, J. Hoc, Ind., 18D0, 9, 375). 

«. — Kydrosnlplmric acid^ with normal cobaltou& salts, gradually and 
imperfectly precipitates the black cdialt sulphide^ CoS ; from cobalt acetate, 
the precipitation is more prompt, and is complete; but in presence of 
mineral acids, as in the second groTip precipitation, no precipitate i^ made. 
Immediate precipitation takes place with hydrosulphuric acid acting upon 
solutions of cobaltons salts in ammonium hydroxide. When formed, the 
precipitate is scarcely at all soluble in dilute hydrochloric acid or in acetic 
acid; slowly soluble io moderately concentrated hydrochloric acid; readily 
Boluble in nitric acid; and most easily in nitrohjdrochlorlc acid. By 
exposure to the air, the recent cobaltous sulphide is gradually oxidized to 
cobalt sulphate, soluble, as occurs with iron sulphide (§1^6, 6e). Alkali 
sulphides precipitate immediately and perfectly the black cobaltous sul- 
phide, described above, insoluble in excess of the reagent. When cobaltous 
salts are boiled with aodium thiosulphate a portion of the cobalt is precipi- 
tated as the black sulphide. 

f.—The hjfrher oxides of cobalt and cobalt le f^alts nre refliiecd by warming 
with halogen acld^, liberating the corresponding balogens (HDl doesnot rednce 
the cobalt in K„Co(CN)^,). 

p.^Soluble arienltes and arsenate! precipitate cobaltous salts, forming tbe 
corresponds tiff cobaJf (trm^nlfes or or senates, bluish -white* soluble in ammonium 
hydroxide or iu acids, including arst^nic; acid. /^.—Soluble cliTomates prifcipi- 
tate cffMHaus chromntc, yellowish-browii* ftolnhle in ammonium hydroxide nnd 
in acjtis, incliidinfj- chromic acid» No precipitate !« formed with potass^ium 
dichromate. f.— KMnO^ added to an ammoniacal solution of cobaltous salti 
oxidizer the ctjbalt and prevents its precipitation by KOH {separation from 
Ni) (I>elvaux, (\ r„ 1H81, 02, 723), 

/,— Cobaltous salts in ammnnlacal solntjon, warmed with H^Oi and then 
reiidercrl acid with acetic acid» are precipitated by ammonium molybdate 
(separation from Ni) (Carnot, C, r., 1889, 10Q» 109). 

7. Ignition. — In the bead of borax, and in that of microcoRmic mlt, with 
oxidizing and with reducing flames^ cobalt gives an intense blue color. 
The bine bead of copper changes to brown in the redncing flame. If 
•trongly saturated, the bead may appear black from intensity of color, bnt 
will give a blue powder. This important test is most delicate with the 
borax head. Manganese, copper, nickel, or iron interfere somewhat. By 
ignition, with sodlnm carbonate on charcoal or with the reducing flame, 

• KrauiS <Z., la&l, SO, 227) givea a good review of the most. Important mothodt ft>r the iepaiir 
tioa of cobalt and aictteL 
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compounds of cobalt are reduced to the metal (magnetic). Cobaltous 
oxide dissolves in melted glass and in other vitreous substances, coloring 
the mass blue — used to cut off the light of yellow flames (§205, 7). The 
black cobaltoso-cobaltic oxide, CO3O4 , as left by ignition of cobaltous oxide 
or nitrate, combines or mixes, by ignition, with zinc oxide from zinc com- 
pounds to form a green mass, with aluminum compounds a blue, and with 
magnesium compounds a pink mass. 

8. Detection. — After removal of the motals of the first tliree groups 
cobalt is precipitated by HjS in ammoniacal solution with Ni , Hn and Zn . 
The sulphides are digested with cold dilute HCl which dissolves the Mn 
and Zn . The borax bead test (7) is now made upon the remaining black 
precipitate, and if Ni be not present in great excess the characteristic blue 
bead is obtained. If the nickel be present in such quantities as to obscure 
the blue borax bead the sulphides are dissolved in hot cone. HCl , using a 
few drops of HNO, . The solution is heated to decompose all the nitric 
acid and, after dilution, the cobalt is precipitated with nitroso-/?-naphthol, 
according to directions given in G&, and further identified by the bead test. 

9. Estimation. — (1) As metaUic cobalts all compounds that may be reduced 
by ignition in hydropren gas, f. <7., CoCls , Co(NO,)3 , CoCO, , and all oxides and 
hydroxides. (2) As CoO , all soluble cobalt salts, all salts whose acids are 
expelled or destroyed by ig-nition, all oxides and hydroxides. The salt is con- 
verted into Co(OH)3 by precipitation with a fixed alkali, and ignited in a 
stream of CO^ . The carbonate and nitrate may be ignited directly in CO; , 
and organic salts are first ignited in the air until the carbon is oxidized, and 
then again ignited in COj . (S) After converting into a sulphate it is ignited 
at a dull-red heat and weighed as a sulphate, (f) After converting into the 
oxalate, titrated with KMnOi . (.5) In presence of nickel, it is oxidized in 
alkaline solution by HjOj , KI and HCl are added, and the liberated iodine 
titrated with sodiiim thiosulphate (Fischer, C. C, 18S9, 116). (6) Electroly- 
tically. (7) Separated from nickel by nitroso-^T-naphthol, and after ignition 
in hydrogen weighed as the metal (66). 

10. Oxidation. — Co'' is oxidized to Co'" in presence of a fixed alkali by 
PbOj, 01, KOlO, Br, KBrO, I and HjOo*: in presence of acetic acid by 
XHO, {Gey Co'" is reduced to Co" by H^C^O, , H,POo , H,S , H.SO, , HCl , 
HBr , and HI . Metallic cobalt is precipitated from solution of OoClj by 
Zn , Cd . and Mg . 



§133. Nickel. Ni = 58.70 . Usual valence two and three. 

1. Properties.— »<5?/)m7fr (jravitif. S.9 (Schroeder. Pnijp., l>i50, 106. 226). Melting 
poin4, 14o0** (Tiotot, C. r.. 1S71>, 88, HUT). It is a hard white metal, capable of 
taking a high |K)lish: malleable, ductile and very tcnncitnis, forming wife 
stronger than iron but not quite so strong as cobalt (§132. 1). It does not 
oxidize in dry or moist air at ordinary temperatures. It is magnetic Init loses 
its magnetism like steel on heating to nnlness (dangain, C. r.. 1S76, 83. 661). 
It burns with inooudescence when heated in O . CI , Br or S . It is much 

• Durmnt, C. X» 1«»7, 73. 43. 
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used in plating other metals, In making corns of small denominations, in 
hurtk*nin|f armor plate, pn»jet:tilt*«?, et^. The presence of small amounts of 
phosphorus or arsenic renders it much more fusible, without destroying its 
ductility; a larger amount makes it brittle. 

L». Occurr©nce.~NiekeJ almost always occurs In nature together with cobalt. 
It iH found us millerltep NiS^ ; as nk-kel blende, NiS; as iron nieket blende, 
NiFeS: as cobalt nickel pyrites, (HiCoFe)4S4 , etc* 

X Freparation.— (^) By electrolysis* (i) Uy heating in a stn»atn of hydrogen. 
The o?tide U reduced in this manner at 210° {\\\ Miiller, f*o*M, Ism, 136, 51). 
t*^) By fusing^ the? oxalate under powdered grlass (COst beings given off). 
Ml Reduction by igniting- in CO. {3) Reduction by fusing with carbon in a 
\ariety of methods- {(i) By heating the carbonyl,* Kl(CO)^ to 200"^, 

4, O^sldes and Hydroxides. — yivkeloHH oxide is fornn^d when the carbonate, 
intrate» or ai^y of its uxides or hydroxides are strougly i^riiitt-d. Mrkrhm^i 
h\t*li*itrUU is formed by precipitation of nickeloua halts with fixed alkalis. 
^'iektiw o.rrrff, Nl.Oji , is made from NlCOj , NilNOjIa or NIO by heating in the 
air not <jnite to redness* with constant stirring. It is changed to NiO at a red 
beat, Xickeitc hydmxide, Ki(OH)i , is foiTned by treating nickelous salts 
first with a fixed alkali hydroxide or carbonate and then with CI, NaClO , Br 
or NoBrO (not formt^d by itKline), a Idack powder formmg no corresponding 
sails (Campbell and Trowbridge, */, A\}fit,^ im:u 7, JIOI). A trjnickelic tetroxide^ 
NiaOt , magnetic (corrcKponding to Co^Of , FejO^ , Kn^O^ and PbjjO^)^ is formed, 
according' to Baubigny {<\ r.^ iSTH, 87, 10R2), by heating NiCL in oxygen gas 
at from ^m° to 440°; and by heating N1,0» in hydrogen at 11*0° (iJoissan, A. Ch., 
ISSO, (5), gl, 199). 

5, SoluMlities. — fi.^Mffnl. — Hydrochloric or sulphuric acid, dilute or con* 
eentraT**d, attacks nickel btit slowly (Tisaier^ C. n, 18(10, 50, lOfi); dilute nitric 
acid dissolves it readily, while towards concentrated nitric acid it acts Ter^" 
similar to passive iron (Devi)le, r. r., 1S54, 38, 2B4). It is not attacked when 
heated in contact with the alkali hydroxides or carbonates, ft,— OiCrde^ and 
hffdroridm. — Nickelous oxide and hydroxide are insoluble in water or fixed 
alkalis, soluble in ammonium hydroxide and in acids. NickeUc oxides and 
hydroxides are dissolved by acids with reduction to nickelous salts, with halogen 
acids the corresponding halogens are liberated. The moist uickelic hydroxide, 
formed by the action of CI, Br, etc in alkaline ftolntion, after ivashing wdth 
hot water liberates free iodine from potassium iodide (distinction from cobalt). 
Nicketic hydroxide when treated w-ith dilute sulphuric add forms liiSO^ , 
oxygen being evolved. With nitric acid the action is similar, distincti^m from 
cobaltic hydroxide, which requires a more concentrated acid to effect n similar 
reduction, c. — iS'Mf^y.^The salts of nickel have a delicate green color in crystals 
and in solution J when anhydrous, they are yellow. The nitrate and chloride 
are deliquascent or efflorescent, according to the hygrometric state of the 
atmosph\?re; the acetate is efflorescent. The chloride vaporizea at high tem- 
pera tares. 

The carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide 
and ferri cyanide are insolubla; the double cyanides of nickel and alkali 
metals, soluble in water. The chloride is soluble in alcohol, and the nitrate in 
dilute alcohoL ^fost salts of nickel farm soluble compounds by action of 
ammonium hydroxide. 



6. Reactions. fF. — Alkali hydroxides precipitate RnhitionR of nickel 
gaits as nidrl hff]rnx\ih\ NifOHJs , pale green, not oxi(1iz(?f1 hy exposure ta 
the air (§132, Ga), insaluble in excess of the fixed alkalis (diRtinction from 
xinc), soluble in ammonium hydroxide or ammonium j^alts, forming a 
greenish-blue to violet-blue solution. Excess of fixed alkali hydroxide 

■ Jflelcei cat-bony! Is propared by beatHiiff the nickel ore In a curront of CO, It Ib a Llquhl, sp. 
gr., l-Sias, boilings at 43* snd f reesdug- at — S5*. When heated to aoo* It is decomfiosed Into Ni and 
CO <Bei^elot, C. r., 10*1, lia, 1S43: 119, «T9; Mond, X Soc. Jnd., l^, 11, 7MK 
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will slowly precipitate nickel hydroxide from the ammoniacal solutions 
(distinction from cobalt). Alkali carbonates precipitate green basic 
nickelous carbonate, Ni5(0H[)e(C08)2 (composition not constant), soluble in 
ammonium hydroxide or ammonium salts, with blue or greenish-blue color. 
Carbonates of Ba, Sr, Ca, and Mg are without action on nickelous 
chloride or nitrate in the cold (distinction from Fe'", Al , and Cr"'), but 
on boiling precipitate the whole of the nickel. 

ft. — Oxalic acid and ozalates precipitate, very slowly but almost completely, 
after twenty-four hours, nickel oxalate, green. Alkali cyanides, as XCN , pre- 
cipitate nickel cy(^nid€, Ni(CN), , yellowish-green, insoluble in hydrocjanic 
acid, and in cold dilute hydrochloric acid; dissolving in excess of the cyanide, 
by formation of soluble double cyanides, as potassium nickel cyanide 
(XCN)aNi(CN)a . The equation of the change corresponds exactly to tliat for 
eobali (9132, 66); and the solution of double cyanide is reprecipitated as 
Ni(CN)s by a careful addition of acids (like cobalt); but hot digestion, with 
the liberated hydrocyanic acid, forms no compound corresponding to cobalti- 
cyanides, and does not prevent precipitation by acids (distinction from cobalt). 
It will be observed that excess of hydrochloric or sulphuric acid will dissolve 
the precipitate of Ni(CN), . Ferrocyanides, as X4£'e(CN), , precipitate a 
greenish- white nickel ferrocyanide, Ni2Fe(CN)« , insoluble in acids, soluble in 
ammonium hydroxide, decomposed by fixed alkalis. Ferricyanidss precipitate 
greenish-yellow nickel ferricyanide, insoluble in acids, soluble in ammonium 
hydroxide to a green solution (§132, 6b). A solution of nitroferricyanide 
precipitates solutions of cobalt and nickel salts, the latter being soluble in 
dilute ammonium hydroxide (Cavalli, Oazzetta, 1897, 27, ii, 95). 

A solution of potassiuzn xanthate precipitates neutral solutions of nickel and 
cobalt, the former being soluble in ammonium hydroxide (distinction), from 
which solution it is precipitated by (NH4),S (Phipson, C. N., 1877, 36, 150). 
The xanthate also precipitates nickel in alkaline solution in presence of 
Na^PsOf (a separation from Fe'") (Campbell and Andrews, /. Am, 8oc., 1895, 
17, 125). 

Xickel salts are not precipitated by an acetic acid solution of nitroso-/^- 
naphthol (separation from cobalt) (Knorre, B., 1885, 18, 702). 

c. — Potassium nitrite in presence of acetic acid does not oxidi ze n ickelous 
compounds (distinction from cobalt), d.— Sodium phosphatey Ka,HP04 , pre- 
cipitates nickel phosphate, Ni,(POJ, , greenish-white. 

e, — ^Hydrosolphurio acid precipitates from neutral solutions of nickel 
salts a portion of the nickel as niclrel sulphidey black (Baubigny, (7. r., 1882» 
94, 1183: 96, 3-1). The precipitation takes place slowly, and from nickel- 
ous acetate is complete. In the presence of mineral acids no precipita- 
tion takes place. Alkali sulphides precipitate the whole of the nickel, 
as the blaok sulphide. Although precipitation is prevented by free acids, 
the precipitate, once formed, is nearly insoluble in acetic or in dilute 
hydrochloric acids; slowly dissolved by concentrated hydrochloric acid» 
readily by nitric or nitro-hydnu'hloric. 

Xickcl im1phi<U\ NiS , is partially soluble in yellow ammonium sulphide,* 
from which brownK»olorod solution it is precipitated {gray, black mixed with 

•Haiv «X Am, Av., 1S«V, 17, 5S7» adds tartaric acid to the si^lutions of nickel and cobalt, and an 
•XC<««»of jHHiium h>Mn>xidt\ Ho then |ta!^x« in H,S. Tho vx^^lt is oompletciy precipitated 
whilo the nickel remains in Ablution, and can U* pn^ipitauni uiH>n acidulatingr the filtrate. 
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BUlpbur) on additioti of acetic acid (distinction from cobalt), Frt^shly pre- 
cipitated nickel sulphide is Kohiblc in 'KCN and repreeipitated as IfliCN); on 
adding^ HCl or M.^^SO^ (separation from cobalt) (GnyarcJ, BL, 1S7G, (2)* 25» 509). 
When nickel aaJts are boiled with a solution of NajS^O, , a portion of the nickel 
ia precipitated as the black snlpbide* 

f\ — The halogen acids reduce the higher oxides of nickel to nickelous 
Baits with liberation of the correfsponding halogen. Potassium iodide 
added to freshly precipitated nickelic hydroxide gives free iodine (distinc- 
tion from cobalt). 

J?. — Nickel »alte are precipitated by arsenitei and areenates, white or green- 
ish-white, soluble in acids, including arsenk* acid. A,— Potassium chromato 
precipitates basic nickel chromate, yellow, soluble In acids, including- ehromic 
acid (Schmidt, A., 1870, 156, 1&). KjCr.OT forms no precipitate. 

7, Ignition.. — Nickel compounds dissolve clear in the borax; bead^ giving with 
the oxidizing flame a purple-red or violet color while hot, becoming- yellowish- 
brown when cold: with the reducing flame, fading to a tvirbid gray, from 
reduced naetallic nickel, and finally becoming colorless. The addition of any 
potassium salt, as potasKinm nitrate, causes the borax head to take a dark 
purple or blue color, clearest in the oxidizing flame. With microcosmlc aalt, 
nickel gives a reddish-brown bead, cooling to a pale reddish-yellow, the colors- 
being alike in both flames. Hence, with this reagent, in the reducing flame, 
the color of nickel may be recognized in presence of iron and manganem% which 
are colorless in the reducing flame: but mMt effectually obscures the bead 
test for nickel. The ye] low- red of coj}f^r in the reducing flame, persisting in 
beads of microcoKmic salt, also njasks the bead test for nickel. By IgultloiL 
with sodium carbonate on charcoal, compounds of nickel are reduced to the 
metal, slightly attracted by the magnet 

8, Detection. — We proceed exactly as with cobalt for the nitroso-^- 
naphthol precipitatioti. The ITr remains in the filtrate and can be precipi- 
tated with H^S («fter nentralizing with NH^OH), and its presence con- 
firmed by the usual tests. Or dissolve the Bulphides of Ni and Co in 
'SSOj^ J evaporate nearly to dryness, add an excese of KOH or Ha^COa ^ 
boil, add bromine water and boil to complete oxidation of the Go and Hi, 
filter, wash tMroughly with hot water and add hot solution of KI to the 
precipitate on the filter paper Free iodine {test with CS^) is evidence of 
the presence of nickel. 

9, EBttmation,*— (/) Nickel hydro3ride, oidde, carbonate or nitrate is ignited 
at a white heat and weighed as NiO . {2) It is converted into the sulphate and 
deposited on platinum as the free metal by the electric current. {S} Voln- 
meln'eally. By titration in a slightly alkaline solution with ECU , using a 
small amount of freshly precipitated Agl as an indicator (Campbell and 
Andre^V3» J. Am. Boc., 1895, 17, 127). 

10. Oaddation.^M'' is changed to Hi'" in presence of fixed alkalis by 
CI, HaClO . Br, and NaBrO {not by I, distinction from cobalt, Donath^ 
B., 1879, 12, 18f;8). Ni'" is reduced to Ni" by all non-reducing acids with 
evolution of oxygen; by reducing acids, HX.O^ is oxidized to CO3, HHO:, 



• Goalal iZ* angew,, lim, iTTf gives a summary of the methods pjropoted for the volume trio 
estiumiton of nlckeL 
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to HNO, , H,PO. to H,PO, . H,S to S . H.SO, to H.SO, . HCl to CI , HBr to 
Br , HI to I, HCNS m HCN iiiid H.SO, rU.Ttipk), to H^FeCCK), . Ni'' 
is reduced to the metal by finely dividtrl Zn , Cd , and Sn . 



§134, Manfanese. Mn -= 55.0 . Valence two, three, faur, sbc anc 

Beven. 

1. TtopeTti^.—SitaHftc ffrovify, 7*infl to 7.206 (Brminer. Poffg,, 18S7, 101, 264); 
mrlfhtg pohit, at u bi^^i white heat (blue heat) (Deville* A. Vh., ia56» (3), 46, 
VM\)l vohitiliKt*^ at the hi^hei^t heat of the blast fiiniHce (Jordan, C f,, 18TS, 
86, KHi). It ie u brittle metaL having the general upiJeannice of eoat iron* 
non-niog^netic, tnkeis u hig-h jM^lish. Aceording^ to l>eville it has a reddish 
It p[it*n ranee. It i& readily oseUlij^ed. deeomiiosing' water at but little above the 
orUinarj temi>erfiture (l)evilk% f, r,). It In used largely as ferromaiigmoese in 
the niannfaetnre of Bessenier steel. 

Oxides and hydroxides of unn!>iiuieHe exbt as dyatl, triad and tetrad; the 
salts exist nnjst commonly as the dyad with eomt* unstable triad and tetrad 
£alts: as an aetd It is a hexad in nmnfranateB and a heptad in permang'a nates. 

2. OccurrGncek— Xot found native. 1( aecompanies nearly all iron ores. Its 
ehief ore is pyrohisite, ULnO. » It is also found as braunite, Mn^Oj* hausmau* 
nite, MHjOi; num^anite, MnO(OH): tnang-anese epar, MnCO, : majig^anese 
toiende, MnS; and as a constituent of many other minerals* 

3. Preparation. — (/) By eleetrolysis of the chloride* (2) By reduction Tvith 
metallic sodium or mai^niesinm (Claizieh B., ISHO, 22, 2857). (4) By reduction 
with some form of earhcin* It has not been red (iced by hydrogen, H) By 
ignition vvith alnminttm (Goldschmidt, A., 1^9H, 301, 19). 

4. 0%ides nnd Hydroildea.- (r^) Manganoiis oxide, MnO . represpnts the only 
base capable of forming stable maufrnneKe ndtw. It in formed {!) hj^ simpfe 
Ignition of Mn(OH), » MnCO^ *^r MnC.O^ , air being excluded: {2) by ignition 
of any of the higher oxides of nuvugiiuese with hydrogen in a closed tube 
(Moissan, it, CK, JS80, (Ti), 21, 190). If prepared at as low a temperature as 
practicable, jt H a dark gray or greenish-gray powder, and oxidizes quickly 
in the air to Mii^O, . If prepaied at a higher heat It is more gtaVjle, SEan- 
gtL&otis hydroxide, Mn(OH)j , is formed from manga nous salts by precipita- 
tion with alkalis/ It quickly oxidizes in the air, forming MnO(OH), tbn>i 
changing from white to hrnwn, ('>) Man^nlc oxide, Mn.Ot , is formed by 
heating any of the oxides or hydroxides to a red heat in nxyiren jras or m air 
(Schnieder, Pogg., 18ri9, 107, no.i). Manganic oxide- hydroxide. MnO(OH) , H 
formed (/) by oxidation of lIii(OH)s in the air: (i) by treating MnO. with 
concentrated H^SO« at a temperature of about 1^10**, forming Mn.(S04)a ^rid 
then adding wateri Mii,(SOj, -f 4H,0 ^ '2UnQ{0n) + :{H,SO, (Carius, .1., 
I8fi6, 98^ n3), (c) Trimanganese tetroxide, MuiO^ , is formed when any of the 
higher or low-er oxides of manganese or any manganese salts M'ith a volatile 
acid are heated in the air to a %vhite heat (Wright and Luff, B., 187«, 11, 2145 K 
The corresponding hydroxide would be Mii:,(OH)»: this has not been isolated. 
A corresponding oxide-hvdroxidc is formed hv adding freshly formed and 
moist MnOj to an execKsVif HtnCL eoutainhig NH^Cl (Otto. A.. 1^55, 93, 372). 
(ft) ManganeKe peroxide, MnO, , \^ formed it) hv heatiug MnfNOj* to 2m° 
(norgeu/r. r., ISTD, 88. 796); (2) by heating MnCO, with KCIO, to ?>m'': (S) by 
boiling any manrauous salt with concentrated HNO, arul EGlOj . A correspond- 
ing hydroxiile, MnrOHj^ , has not been isolated. Several other hydroxides, 
f.ff., MnO(OH), . Mn,a,(OH),, MiiaO,(OH)* etc., have been produced. The 
ehief u^p of ninagnuese dioxide is in the preparation of chlorine or brnmine. 
ie) Tffang^nfttes.^-.l^r^H/fMdr acid, H^MnOj . is not known in a free state. The 
eorre!^poTif?ing suit. K,,MnO, , is formed when any form of manganese is fnsed 
\Tith KOH or K,CO, (/) in the air, oxygen being absorbed: or (2) with KKO, 
or ECID, , NO or KCl being formed/ A manganate of the alkali metaU is 
sobible in water, irttk {^rfifftttiJ dfrmitp'f^i^^^trt into manganese dioxide and per- 
manganates: L^SilCnO. -h 2Hj;0 =^ 2KMnO, + MuO, + 4K0H , Free alkali 
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retards, and free acids and boiling promote, this change, Mangtinates have 
A ^r^en foUrr^ which tvirns to the red of |it*riiianR'anates durinfj the deeompo&i- 
Tion inevitable in sohition* Tl^is i!% the iisunl method of manufacturing HJtfnO^. 
if\ Permanganic acid is not- in UKt* as an ocirl, but is repriesented by the per- 
mau^uatcs, as KMnO« . The permangrauie add radit-al is at ouee decomposed 
by afklition of hot H^-SO^ to a solid perniauieraniife {1), but in water solution 
this decomposition does not tit once take place, except by contact with oxidiz- 
able substaneeK* The oxidiiiug power of pcrmQni»^a nates extends to a jtrreat 
number of substances* possesses ilitTerent characteristics in acid Hnd in nlkn- 
line solutions, aad acts in many eases ho rapidly a^to be violently explosive. 
The reactions with ferrous salts (2) and with oxalic acid {Sj are much used in 
volumetric analysis. 

(/) 4K2ICnO, 4- 2HiS0, ^ 2E,S0, + iMnO, + 30, + 2H,0 
2MnO. -[- 2H,S04 = ClffiiSO, + 2H=0 + O, 
4Kl«DlO, + r>H=SO, := 4MnS0, + 2K,B0, -f 50, + GH,0 
KMnO, + 5reCl, + s:ffCl — MnCl, + KCl + SFeCl, + 4H,0 
£KMnO, + nH,C,0, + 6HC1 = SMnCl, + i^KCl + SH^O + lOCOj 



and 



or 




5. Solubilities* — (r^—.Ucfflr/-— Manganese dissolves readily in dilute acida to 
form manganous.saitfi. Concentrated H^SOi dissolves it only on warming, SO, 
h^ing^ evolved. It combines readily with chlorine and bromine, h, — f>n*ff* 
and hudrnTitlm. — All oxides and hydroxides of manganese are inso bible in 
water. They are soluble, upon wnrmini^, in hydrochloric aeid, forming^ man- 
pmnous chloride; the hifrher oxides* and hydroxides being red viced with evolu- 
tion of chlorine (commercial method of preparation of chlorine )» Instead of 
hj'droehiorie acid, sulphuric acd and a ehlorvde may be employed (HBr and 
HI aet simil.nrly to, and more rendily than HCl). In the cold, hydroehloric 
acid dissolves MnO^ to n greenish -brown solution, eontaining, probably, MnCl^ 
or MnCl« ♦ unstable, giving chlorine when warmed and forming MnO, when 
strongly diluted with water (rickering, r/, C, 1879, 35* 654; Nickles, A. €h.^ 
1S6&, (4), 5, I'U). Xitric and sulphuric acids dissolve manganovis oxide and 
hydroxide to mjingniious salts. Manganese dioxide (or hydrated oxide) is 
insoluble in nitric acid, dilute or concentrated: eoacentrated sulphuric acid 
with heat decomposes it, evolving oxygen and forming manganous sidphate: 
2H11O2 + 2H,S0, = 2MnS0, 4- 2WiO + Oj . Mangnnons hydroxide is insoluble 
in the alkalis but soluble *n solutions of ammmniim miltii' 

c, — Salts. — Manganous eulphide, earbonatej phosphate, oxalate, borate, 
and sulphite are ingoluble in water, readily sohible in dilute acids. Man- 
gamic salts are somewhat unstable compound:^, of a reddieh-bro^ra or 
purple-red color, becoming paler and of lighter tiBt in reduction to the 
anganous com hi notion. HnCl. and HnSO^ are deUquescent. Man- 
^lyanic ehloride, M11CI3J exkls only in s^olution, which is rtduced to 
MnCL by boiling, also by evaporation to a solid, IManganic suiphntt*, 
l[n.(SO/)^ , is soluble in dilute sulphnrie acid, but is reduced tn MnSO^ by 
the attempt to dissolve it in water alone; potassium mangnnie sulphate 
and other manganic alums are also decomposed by water. Alkali matifjan- 
ates and permanganates are soluble in water, the former rapidly changing 
to manganese dioxide and permanganate, which is much more stable in 
sohitioa. In presence of reducing agents both mangonates and pemian- 
ganatee arc reduced to lower forms. 

K.MnO, -f- SHCl = MnCl, + 2KC1 + 2C1, + 4H,0 
2KMnO, + 3Mn80, + 2H,0 — 5Mii0, + KjSO, + 2H,S0, 





174 MAyOANESE. §134, 6a. 

Concentrated H2SO4 in the cold dissolves EHnO^ , forming (][nOs)2S04 
(a sulphate of the heptad manganese: 2EHn04 + 3H2SO4 = (][n03)2S04 + 
2ZHSO4 + 2H2O (Franke, J. pr,, 1887, 36, 31). If heat be applied oxygen 
is evolved and the manganese is reduced to the dyad (4^. 

6. Beaotions. a. — The fixed alkali hydroxides precipitate from solu- 
tions of manganous salts, manganous hydroxide, Mn(0H)2, white, soon 
turning brown in the air by oxidation jto manganic hydroxide, MnO(OH) . 
The precipitate is insoluble in excess of the alkalis ; but, before oxidation^ 
is soluble in excess of ammonium salts with formation of a double am- 
monium manganese compound * (1). Ammonium hydroxide precipitates 
one half of the manganese as the hydroxide from solutions of manganous 
salts, the other half being held in solution as a double salt by the am- 
monium salt formed {2) (Dammer, 3, 237). The presence of excess of 
ammonium salt prevents the precipitation of the manganese by ammonium 
hydroxide (5) (separation of manganese from the metals of the third 
group) (Pickering, J. C, 1879, 36, G72; Langbein, Z., 1887, 26, 731). 
Manganic hydroxide, ][nO(OH), is insoluble in the alkalis or in ammonium 
salts. It gradually precipitates, completely on exposure to the air, as 
a dark brown precipitate from solutions of manganous hydroxide in am- 
monium salts. Alkali carbonates precipitate manganous carbonate, MnCO, , 
white, oxidized in the air to the brown manganic hydroxide, and before 
oxidation, somewhat soluble in ammonium chloride. Strong ammonium 
hydroxide gradually reduces a solution of potassium permanganate to 
manganese dioxide (105). 

(i) Mn(OH), -f- 4NH4CI = MnCl,.2NH,Cl + 2NH,0H 

(2) 2MnS0« + 2NH«0H = MnS0«.(NH«),S04 + Mzi(OH), 

(3) MnCl, + 2NH4CI = MnCla.2NH,Cl or (NHJ.MnCl^ 

t. — Oxalic acid and alkaline oxalates precipitate munganous oxalaUy 
soluble in mineral acids not too dilute. All compounds of manganese of 
a higher degree of oxidation are reduced to the manganous condition on 
warming with oxaVic acid, or oxalates in presence of some mineral acid: 
2KMnO« + 5H2C2O, + 3H,S04 = K^SO, + 2MnS0, + IOCO2 + 8H2O . 

Soluble cyanides, as KCN , precipitate manganous cyanide, Mn(CN)s , white, 
but darkening' in the air: soluble in excess of the precipitant by formation of 
double cyanides, as Mn(CN),.2KCN . This solution, exposed to the air, pro- 
duces manijiwicyaniik's (analogous to ferricyanides), with oxidation of the 

• It ha« btHMi qmv«tioned whether the M^lubility of Mn(OH)o in ammonium salts is due to com- 
lilnation Ix^twwn the two. As has Ihhmi aln^ady 8tat<Hi, the I^w of Mass- Action causes that 
reaction to take plaiv which K>«ds to the formation of u slightly diss<H^iattMi substance. Thus 
F*iOII>) iiisjn>lvcs in IlCl ami A»s0.t in NnOlI InvauiH^ in t>ach cas*^ water, a non-dissociated 
substani'c, n^sults: and F»8 and A«-S.t disju^lve in IICl and NnHS n^six^ctively because the 
Uttlc^Uss(viat<Hl Ht8 is a pro*iuct. Similarly. XB4CI with MnvOHv, jrivi^s opportunity for the 
formation of 9rH40H, a comiHmnd of small dissix^iation-cimstant, Si>lution due to this cau«e 
can take plai^ only with hydn^xide.-* havinir a iH>mimrati\-ely larire solubility-pn>duct $45\ 
Bee i^t>*-ald on the Sidubility of Mg\OHV *' Wiss*M\si»haftliohe (irund)aircn der analjtischen 
C!iemle,"5ted..i^l3a. 
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manganese: l2(Mn(CW)j*2KCN) + :iO, + 2H5O = SK,Mn(CN), + 4]B:nO(OH). 
^e"' aud Mn"' may be separatee) by treaiing^ a soluticiti of the two metuls with 
a strong exeesa oi KCN and then with iodine* The inai;gfanese *&j preeipitated 
as MiiO;^ and the iron remains in solution (Beilstein and Jaweiii, B., lH7ti, 13, 
152SJ. Ferrocyanides piecipitate white fmingimoHin ftrrmytiuhlt, Mn3re(CN)« , 
soltihlr in hydrochloric acid. Ferricyanides prtHnpitate brown manijiintfm ftrrU 
eytmUie. MniiFeiCN ),), » insoluble in aeide (separation, vdtli Co and Nl , from 
Zn) (Taruiri, Oft:zvtta, 1895, 25, ii, 478). If an alkali or alkali carbonate be 
present, potasslnm ferricyanide oxidi^ei* tnangrano^s compounds to manganese 
dioxide, the ferricyanide beings rechieed to ferrocyanide. Potassium ferro- 
cyanide reduees isanganatee and permanganatea to manganous componnds. 

r. — Nitric acid is of vahie in analysis of manganese compounds in that 
it, as a no n* reducing acid, acta readily with oxidizing agents, bb PbO^ , 
KGIO, , etc, to oxidize manganous compounds to manganese dioxide or to 
permangame acid. Reducing agents as HCl , etc., should be absent* 
Sulphuric acid may bo used inj^tead of nitric acid, 

2Mii(N0J, + 5PbO, + f>HHOa = SHMnO, -h r,Fb(NO,>, -f- 2H,0 
5MnS0, + 2KC10, + HsSO, + 1H,0 = oMbO, -h K,SO, + Cl^ + 5H,S0. 

In using PbO^, and HHOj, to detect manganese, tlui compound should first 
be reduced with hydrochloric acid, precipitated with potassium hydroxide 
and this precipitate dissolved in nitric acid, as MnO^ is not all oxidized 
by PbO, and HKO, (Koninck, Z, angew,, 1889, 4). 

d,— 'HypophdsphoroTis acid reel nee r all higher forms of manganeae to the 
manganous eondition. Alkali phosphates, jik Na^HFOj , precipitate, from 
neutral sohitioriR of maniriuKHis saltw* normal mntt<janoi(M pkoifphfite, Mn^fPOj^ , 
wkite, slightly soluble in water, and soluble in dilute acids. It turns^ brown m 
the air. The manganous hydrogen phosphate, MnHPO^ , is more soluble in 
water, and is obtained by crystrtMization from a mixture of manganous sul- 
phate acidulated with acetic acid and di sodium phosphate, Na.HFO^ , added 
till a precipitiite begins to form. From the ammonium-manganese sohition, 
freshly formed (&fl)t phosphates precipitate rH the manganese as mti^*junou^ 
mnmottium phoiiphate. 

e, — Hydrosulphnric acid precipitates manganous acetate but imperfectly, 
and not in presence of acetic acid, and does not precipitate other salts, as 
manganous sulphide is soluble in very dilute acids, even acetic acid, 
,&mmomiim sulphide precipitates from neutral solutions* and forms from 
the recent hydroxide of mixtures made alkaline^ the ilesh-colored mnn- 
ganovs »yJpJiuh\ ICnS . Acetic acid, acting on the precipitated Fulphide^*, 
Feparates manganese from cobalt and nickel, and from the greater part of 
zinc. All the higher oxidized forms of manganese (in solution or freshly 
precipitated) are reduced to the manganous condition, with separation of 
«nlphnr (10), by hytlrosulphuric acid or soluble sulphides: -IKJCnO^ -|- 
U(irH,),S + 16H,6 = 4MnS + 4K0H + ^BlfH.OH + 5S. , The f^reen 
mantjannm mlpMde, MnS , crystalline, anhydrous, is formed by the action 
of J[M on a hot ammoniacal manganous solution not containing an exeev^ 
of ammonium salts (Meineke, Z\ anfjeuK^ 1B8S, 3). 

Soluble sulphites precipitate from solutions of manganous ealts, manganous 
sulphite, BCdSO, , white, insoluble In water* soluble In acids (Gorgen, C, r,, 
1883, 96, 341). Solutions of manganates or permanganates are immediately 
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redticed to the flocpiilent brovvn-hlack mnn^nnese dioxide by solutions of 
sodium siilpMte or aodlum thio sulphate; if acids be present* the reduetion is 
complete to manganouK salts, 

f. — HCl, B3t , and HI readily reduce the higher compaunds of man- 
ganese to manganous salt^ with evohition of the corresponding halogen. 
When manganese dioxide is dissolved in concentrated HCl \nthout heat, 
the dark brownish colored solution is said to consist of manganese tetm- 
chloride, MnCl^ , which deposits HnO^ on dilution w^ith water and on 
wanning decomposes into manganous chloride and chlorine (56) (Picker- 
ing, J. C, 1879, 35, 654). Potassium iodide instantly reduces a solution 
of potassium permanganate, forming manganese dioxide and an iodate 
(distinction from chloride and bromide). Potassium chlorate or bromate 
when boiled with concentrated nitric or Bulphuric acids and manganous 
compounds forms manganese dioxide (c), 

p, — Soluble orsenitea precipitote man^itnmi^ firjurnite, and ajsenfltes precipitate 
matiffffUfiua arnenate^ insoluble in water* soluble in acidic. Ai*»enous acid and 
arsenltes reduce solutions of mauirn nates or permanganates* forming n browu 
floeculent precipitate: or a colorless solution if warmed in pn-sence of a 
mineral aeid. ft,— Normal pataaslum chromut© precipitates man|?anou«s saltf*, 
brown* soluble in acids and in ammonium hydroxide: no precipitate is formed 
w^th potassium dichromate, i. ^Soluble manganates and perman^aiiatea pre- 
cipitate maufranous snlts na manpfinese dioxide, bein^ themselves red uocd t» 
the same form: riMuSO, + 2KMnO, + 2H,0 = r.MnO, + K.SO* + 2H^a, , 

7. Ignition with alkali and oxidizing agents, forming a hnghi tjreen mn^^ 
of alkaline manganale, constitutes a delicate anil convenient tost for man- 
ganesCj in any combination. A small portion of precipitate or fiiie powder 
is taken. If the manganese forms but a small part of a mkture to Ik* 
tested, it is better to submit the substance to the systematic course of 
analysis, and apply thi^ test to the precipitate by alkali, in the fourth 
group. A convenient form of the test is by ignition on platinum foil with 
potasaiuin or sodium nitrate and sodium carbonate {n). Tgiiition, by an 
oxidizing flame, on platmuni foil, with potassium hydroxide, effects the 
same result, less quickly and perfectly (5). Ignition by the oxidizing flame 
of the blow-pipe, in a bead of aodinm carbonate, on the loop of platinum 
wirSj aleo gives the green color (r). 

(rt) 3Mn(0H)a + 4KirO, -f Ka,CO, == 

2K,MiiO, -h Ha^MnO, + 4N0 + CO, + SH^O 
(6) MiifOH), + 2K0H + O, == K:M:nO, + L>H.O 
(c) Mn<OH), + Na.CO, + O, = Ifa^KnO, + H,0 + CO, 

With beads of borax and micro coBmic salt, before the outer blow-pSpe flame, 
mftngHnese colors the head violet while hot, and ttmefhy fit-red when cold. The 
color IB due to the formation of mfutfjunfc nxid^, the ooloriuR* material of the 
amethyst and other minerals, and is slowly destroyed by application of the 
inner flame, which reduces the maiii^nic to manganous oxide. 

8. Bet cction.— After the removal of th(^ metals of the tirst three groups 
(the third group in the presence of NH.Cl in excess, 5b and 6a), the Mn 
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'with Co, Ni and Zn is precipitated m the aTninoniaeal solution by H^S _ 
By digestion in eold dilute HCl the sulphides of Mn and Zn arc dissolved^ 
and after boiling to remove the H^S , Mn h precipitated as the hydroxide 
by excess of KOH , which dissolves the Zn . The precipitate of the man- 
ganese is dissolved in UNO^^ and boiled with more HNO^ and an excess of 
PbOa * A violet'colored solution is evidence of the presence of manganese, 

9* Estimation^ — (J) By converting into Mn^O, (4r), nnd weighrng as such. 
(J) By precipitating as MnNH^POi , and after iR^nttion weij;jhjng^ as ULn.'P^Oj . 
(i?) Bj treating the neutral manganona salt with a sohitiun of KMnO, of 
known Btreng-th (6/)* If f^ome ZnSO. is added the action is more fiatisfaclory 
(Wrifi-ht and Menke. J. (\, ISSO, 37 ♦ 42)* ( f ) By boiling the maaganons coni- 
pound with PbO^ and HNO, , and com paring- the color with a permanganate 
jBOliition of know^n Ktreni^th (Peters^ C. N.^ 1B75. 33, 3d). (5) The mangnnous 
compound Is oxidized to MnO, hy hoiling- with KGIO, and HNOj, . Tills is 
then reduced hy an excess of standard H^O, , H^C^O. or FeSO* , and the excess 
of the rt^ag'ent estimated by the usual methods. {6) MnO^ , obtained as in (3)^ 
is treated with HjC^Oi and the evolved CO^ measured or welgrh*^d. (7) MtiO, ^ 
obtained as in (^), is boiled with HCl and the evolved CI estimated. 

10. Oxidation,— (ff) Mm" is oxidized to Mn'" in alkaline mixture on 
exposure to the air; to Mn'^' in neutTal Bolntion by K^MnO^ and KMnO^ ^ 
in alkaline mixture by CI, Br, I, K^FtlCS)^, KCIO, KBtO , H.O^S eta; 
in acjfl solution by boiling with concentrated HNO^ or K,SO^ , and XGlOg 
or SBrO^ . Mm^~'* ii^ oxidized to Mn^^ by fusion with an alkali and an 
oxidizing agent, or by fusion with KClOg alone (Boettger, Z,^ 1872, 11, 
433), Mn^"^ is oxidized to Mn^^^ l>y warming with PbO. or Pb^O^ and 
HHOg or H^SO^ . The higher oxide of lead should he in excess and reduc- 
ing agents should be absent as they delay the reaction ; hence in analysis 
the manganese ehonld be precipitated a^ the hydroxide or sulphide, fil- 
tered, washed, and then dissolved in HHO^ or HaSO^ , and boiled with the 
higher oxide of lead (6r). A solution of potaesinm manganate decomposes 
into potassinm permanganate and manganese dioxide on standing, more 
rapidly on warming or dilution with water, (b) All compounds of man- 
ganese having a higher degree of oxidation than the dyad, (Mn"-^'') are 
reduced to the dyad (Mn") by H,C,0, , HH,PO, , H,SS £s , H,SO, , HO/ 
(in neutral or alkaline solution to Mn^^), HCl , HBr , HI , ECUS , Hg\ Sn'', 
As'", Sb'", Cu'j Fe'\ Qt'\ Ct'^\ etc; the reducing agents becoming respec- 
tively 00^ , P^j S'' to S^' (depending upon the temperature, concentration, 
and the agent nsed in excess), CI , Br , I , HCIT and S^^'. Hg", Sti^, As^. Sb^, 
Cu\ Tt'\ and Cr^. Mji'^+^ is reduced to Mn^^ (or Mn'") by K\ AsHA 
SbH/, PH,^ Na,SO,S Na,S,0/, NH.OH^^ (slowly), Mn", etc. KKnO, is 
reduced to K_.MnOi f>n boiling? with concentrated HOH : 4EM11O4 + 4K0H 
=: 4K,MnO, + 2H,0 + 0, (Hatnmelsberg, 5., 1875, 8, 232). 

^Hleln, Arch. Phnrm., IWW, 227, TT; Janniiesch and von a<>wlt, Z, anfira^, ISOfk 10, am and ilO; 
Oimot, a r., i^tfls, 107; WH ami H50, 
*Cttriiot, nu l«mJ, m. 1. -^r; ; Oorireu, G, r.. ISOO, HO, B58. ' Jones, X €„ 1878* a5i 66. * HoenJir 
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§136. Zinc. Zn = 65.4 . Valence two. 

1. PropertieB.— fifpccf/U? gravity, 7.142 (Spring, B., 1883, 16, 2723). Mclthw 
point, 418.5*» to 419.35*' (Heycock and Neville, J. T., 1895, 67, 185). Boiling pui4i't, 
940** (Violette, C. r., 1882, 94, 720). It is a bluish-white metal, retaining its 
lustre in dry air, but slightly tarnished in moist air or in water. When heated 
to the boiling point with abundant excess of air it burns with a bluish-white 
flame to zinc oxide. Zinc du^ mixed with sulphur is ignited by percussion 
(Schwarz, B,, 1882, 15, 2505). At ordinary temperature it breaks with a coarse 
crystalline fracture. It is more malleable at 100** to 150** than at other tem- 
peratures, and at that temperature may be drawn into wire or rolled into 
sheets. At 205** it is so brittle that it may be easily powdered in a mortar. 

Zinc finds an extended use in laboratories for the generation of hydrogen. 
It is molded in sticks or granulated by pouring the molten metal into cold 
water. The pure metal is not suitable for the generation of hydrogen, as the 
reaction with acids proceeds too slowiy (Weeren, B., 1891, 24, 1785). Com- 
mercial impurities render the metal readily soluble in acids, or the pure metal 
may be treated with a dilute solution of platinum chloride (twenty milligrams 
PtCl* per litre). Metallic platinum is deposited upon the zinc: PtCL -f 2Zn = 
Pt -f 2ZnCl, . 

2. OccTirrence. — It is found as calamine (ZnCOg), as zinc-blende (ZnS); also 
associated with other metals in numerous ores. 

3. Preparation. — The process usually employed consists of two operations: 
(/) Roasting: in case of the carbonate the action is: ZnCO, = ZnO -f CO/, if it 
is a sulphide, 2ZnS -f- 30, = 2ZnO -f 2SO2 . (2) Reduction with distillation: 
after mixing the ZnO with one-half its weight of powdered coal, it is distilled 
at a white heat. Its usual impurities are As, Cd , Pb , Cu , Fe and Sn . It is 
purified by repeated distillation, each time rejecting the first portion, which 
contains the more volatile As and Cd , and the last which contains the less 
volatile Pb , Gu , Fe and Sn . Strictly chemically pure zinc is best prepared 
from the carbonate which has been purified by precipitation. 

4. Oxide and Hydroxide. — Zinc oxide (ZnO) is made by igniting in the air 
cither metallic zinc, its hydroxide, carbonate, nitrate, oxalate, or any of its 
organic oxysalts. Zinc hydroxide, Zn(0H)2 , is made from solutions of zinc 
salts by precipitation with, fixed alkalis (6a). 

5. • Solubilities. — (a) Metal, — Pure zinc dissolves very slowly in acids or alkalis, 
unless in contact with copper, platinum or some less positive metal (Baker, 
t/. C, 1885, 47, 349). The metallic impurities in ordinary zinc enable it to 
dissolve easily with acids or alkali hydroxides. In contact with iron, it is 
quite rapidly oxidized in water containing air, but not dissolved by water 
unless by aid of certain salts. It dissolves in dilute hydrochloric, sulphuric * 
and acetic acids (/), and in the aqueous alkalis (2), vdth evolution o'f hydrogen; 
in very dilute nitric acid, without evolution of gas (3); in moderately dilute 
cold nitric acid, mostly with evolution of nitrous oxide (4)' and, in somewhat 
less dilute nitric acid, chiefly with evolution of nitric oxide (5). Concentrated 
nitric acid dissolves zinc but slightly, the nitrate being verj' sparingly soluble 
in nitric acid (Montemartini, Oazzctta, 1802, 22, 277). Hot concentrated sul- 
phuric acid dissolves it with evolution of sulphur dioxide (6). 

(1) Zn -f H2SO, = ZnSO, + H^ 

(2) Zn -f 2K0H = K^ZnO, -f- H, 

(5) 4Zn + lOHNO, = 4Zn(N0,), -\- NH^NO, -h 3H,0 

(J,) 4Zn 4- lOHNO, = 4Zn(N0,), + N^O + SH^O 

(5) 3Zn 4- 8HN0, = 3Zn(N0,), + 2N0 -f- 4H,0 

(6) Zn -I- 2H,S0, = ZnSO, + SO, + 2H,0 

(6) Oofide and HydroaHde.— All the agents which dissolve the metal, dissolve also 
its oxide and hydroxide. 

•Muir and Robbs, C. A^., 1882, 45, 69. 
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(c) Salts. — The chloride, bromide, io^lide, chlorate, nitrate (6aq), and 
acetate (7aq) are deliquescent; the sulphate (7aq) is efflorescent. The 
chloride is readily soluble in alcohol in all proportions (Kremers, Pogg,, 
1862, 116, 360). The sulphide, basic carbonate, phosphate, arsenate, 
oxalate, and feirocyanide are insoluble in water; the sulphite is sparingly 
soluble. The ferrocyanide is insoluble in hydrochloric acid (Fahlberg, Z., 
1874, 13, 380). The sulphide is almost insoluble in dilute acetic acid (sepa- 
ration from XnS). All zinc salts are soluble in KOH and NaOH except 
zinc sulphide, and all in HH^OH except ZnS and Zji^e{CS)^ . 

6. Bcactions. a. — The alkali hydroxides precipitate zinc hydroxide, 
2il(0H)2> white, soluble in excess of the precipitant forming an alkali 
zin^e: 

ZnCl, + 2X0H = Zii(OH), + 2XC1 

Zn(OH), -f 2K0H = K,ZiiO, + 2H,0 

ZnCl, -h 4HH,0H = (HH,),ZnO,-f 2HH«C1 + 2H,0* 

The precipitate of zinc hydroxide dissolves more readily in excess of the 
alkalis at ordinar}' temperature than when heated. Unless a strong excess 
of the alkali be present, boiling causes a precipitation of zinc oxide, more 
readily from the solution in ammonium hydroxide than in the fixed 
alkalis. The presence of other metals — as iron or manganese — makes 
necessar}' the use of much more alkali to effect solution. An alkali solu- 
tion as dilute as tenth Xormal does not dissolve zinc hydroxide, no matter 
how great an excess be added (Prescott, J. Am, Soc, 1880, 2, 29). 

Alkali carbonates precipitate the basic carbonate, Zn5(0H)„( 003)0 , white, 
soluble in ammonium carbonate, readily in alkali hydroxides (Kraut, Z. 
anorg.y 1896, 13, 1). Carbonates of Ba, Sr, Oa, and Mg have no action 
at ordinary temperatures (separation from Fc'", Al , and Or"'), but upon 
boiling precipitate the whole of the zinc. 

6. — Alkali cyanides, as KCN , precipitate zinc cyanide, Zn(CN)a , white, 
soluble in excess of the precipitant. Alkali ferrocyanides, as K«re(CN)r. , 
precipitate zinc ferrocyanide, 25iijFe(CN), , white (5c). Alkali ferricyanides, 
as X«Fe(CN)«, precipitate zinc ferricyanide, Zn,(re(CN)«)2 , yellowish, c. — 
See 5c. (f.— Sodium phosphate, Na^HPO* , precipitates zUw phosphate, soluble 
in alkali hydroxides and in nearly all acids. 

e. — ^Hydrosnlphuric acid precipitates a part of the zinc from neutral 
solutions of its salts with mineral acids, and the whole from the acetate; 
also from other salts of zinc, by addition of alkali acetates or monochlor- 
acetic acid, in small excess (separation from Mn , Oo , Ni , and Fe) (Berg, 

* Ostwald inclines to the view that the solubility in HTH^OH is due to the formation of a 
complex ammonium- zinc ion (Sei«>ntinc Foundations, p. 151 ; see also 8<'cond Cicrmnn edition, p. 
147). The fact that If H4CI precipitates Zn(OH), from its solution in lixed alkali, and on further 
addition rodissolves It and also that NH4CI hinders pn»oipitation by ht»at from the ammonlaeal 
.Bo.utton of the hydroxide speaks against the assumption that solution In the latter case arises 
from tbe formation of a zincato. 
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Z., 1886, 26, 512): ZnCl, + ^KC^HaO^ + H^S = ZnS + 2KC1 + 
2HC2H3O2 .* That is: Zinc sulphide is not entirely soluble in dilute acids, 
though much more soluble in mineral acids than in acetic acid. The 
precipitate is white when pure. Alkali snlphides completely precipitate 
zinc as sulphide^ both from its salts with acids and from its soluble com- 
binations >^4th alkalis. 

Concentrated solutions of sodium sulphite precipitate solutions of zinc salts 
as basic zinc sulphite; or if the solutions be too dilute for immediate precipita- 
tion, boiling will cause the immediate formation of the bulky white precipitate 
of the basic sulphite (Seubert, Arch. Pharm., 1891, 229, 316). /. — If a hot con- 
centrated zinc chloride solution be treated with ammonium hydroxide until 
a precipitate begins to form, a basic chloride, 2ZnCl2-d.ZnO , will separate out 
upon cooling as a white precipitate (Habermann, M„ 1884, 5, 432). 

g, — Zinc salts are precipitated by solutions of alkali arsenites and arsenates, 
forming respectively zinc arsenite or arsenate, white, gelatinous, readily solu- 
ble in alkalis and acids, including arsenic acids, h. — Normal potassium chro- 
mate forms, with solutions of zinc salts, a yellow precipitate readily soluble 
in alkalis and acids, including chromic acid. No precipitate is formed with 
X,Cr,OT . 

7. Ignition. — With sodium carbonate, on charcoal, before the blow-pipe, com- 
pounds of zinc are reduced to the metallic state. The metal is vaporized, and 
then oxidized in the air, and deposited as a non-volatile coating, yellow when 
hot and white when cold. If this coating, or zinc oxide otherwise prepared, 
be moistened with solution of cobalt nitrate and again ignited, it assumes a 
grreen color (Bloxam, J. C, 1865, 18, 98). With borax or microcosmic salt, zinc 
compounds give a bead which, if strongly saturated, is yellowish when hot, 
and opaque white when cold. 

8. Beteotion. — After the removal of the first three groups, the Zn is 
precipitated with Co , Ni and Xn from the ammoniacal solutions by HgS . 
Digestion of the precipitated sulphides with cold dilute HCl dissolves the 
Xn and Zn as chlorides. The solution is thoroughly boiled to expel the 
H,S and the zinc changed to NajZnOs by an excess of NaOH , which precipi- 
tates the manganese as the hydroxide. From the alkaline filtrate HoS gives 
a white or grayish-white precipitate — evidence of the presence of Zn . 

9. Estimation. — (/) Zinc is weighed as an oxide, into which form it is 
brought by simple ignition if combined with a volatile inorganic oxyacid, 
otherwise it should be changed to a carbonate and then ignited. (2) It is 
converted into a sulphide, and after adding powdered sulphur it is ignited in 
a stream of hydrogen or hydrogen sulphide, and weighed as a sulphide (Kiinzel, 
Z., 1S63, 2, 373). (3) It may be converted into ZnNH4P04 , and, after drying 
at 100**, weighed. Ignition converts it into Zn^PaOr . with sliprht loss of zinc. 
(>) Volumetrically, by converting into ZnTetCN), and titrating with potas- 
sium i^ermanganate or by using FeCl, acidulated with HC^HjO, as external 

*InthocH)uation for acetic acid, ab = ke, a and b, thtMviioontmtions of tho H and C.IIsO, 
ions n^iHVtivoly. art> small, o is larire, and k, tho Si> callod " disj»oolation-oomstant,*' to which 
the striMurth of tho acid is proportional, is very small. Hut addition of tho fully-dissociated 
sodium avxnate to the likewise ci>mpletely-ioniEtM hydnvhlorio acid jrives a solution containing- 
the ions in very lan;t> comvntration and pmotlcally none of the non-<liss<KMatod acetic acid. 
TV> n^ton^ equilibrium the H ions of the HCl unite with the awtio ions of the sodium acetate, 
lettvinir N« and CI ions in the si^lution. The disphuvment v^f a wt\ik acid fn>m its salt by a 
stn^nir om^ litv then not iH» much in an attraction of the sti»n»r acid by the l^ast^ as in the ten- 
dency of the weak acid to form the noo-ioiiiuHl moKvule. 
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TABLE FOR ANALYSIS OF THE ZINC GROUP. 
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§137. Table for Analysis of the Zinc Group (Fourth Group) 
(Phosphates and Oxalates bein^ absent). 



nto the clear ammoniftcal filtrate from the TMrd Group pass HYDROSUL- 
PHURIC ACXB GAS, and if a precipitate apjiears, warm until It subsides. 
i Filter and wash with a oce per cent solution of NH4CI , Teat filtrate* in 

■ which Hi S gives no precipitate for the Fifth Group.) 

Precipitate: CoS , KiS , MelS , Zn3 . 

^Treat on the fiJter with cuM dilute Hydrochloric Acid. 



Besidue: CoS, NIS • (black). 



ktoo 



I 



For Cobalt: 

live in nitro- 
Ji^roehloric 
fteid* evaporate 
and add HaHCOji 
and HjO^; warm 
gentlj" and filter* 
A green color to 
the filtrntp indi- 
cates cobalt 
(§140), 

rest the black resi- 
due with the 
borax bead (blue 
color characteris- 
tic of cobalt, 
il32, 7). 



Tf sufficient nickel 
be present to ob- 
Bcure the blue 
befiri f|133, 7)* 
dissolve the sul- 
phides in nitro- 
hyd rocb lor ic acid» 
evaporate and add 
an exoeBH of ni- 
troso-/? -naphthol 
in acetic arid so- 
lution (§132, <j^); 
filter, wash aiirl 

I test the brick-n^d 
precipitntt^ with 
the borax bead* 



Study 5132. nr, 
5136,5138.1130, 

S140. 5141. §144. 
§145 and ff. 



For nickel: 

Dissolve the sul- 
pit ides in nitro- 
hydrochlorie 
add J e vapor at** 
and add an ex- 
cess of nitroso-/?- 
naphthol in acet- 
ic solution to re- 
move, the cobalt 
§130, 6ft), Filter 
and add to fil- 
trate ammonium 
hydroxide till al- 
kaline, filter and 
to the filtrate 
add HjS, A black 
precipitate, If IS, 
indicates nickel. 

Or: Dissolve the 
Cos and NiS, 
add excess of 
hot KOH and 
Br, boil, filter, 
wash (until fil- 
trate gives no 
precipitate with 
AgNOa), add so- 
lution of hot KI 
and test the fil- 
trate with CSj* 
If free iodine ap- 
pears, nickel m 
present(§133,6n^ 



Solution; MnCl, , ZiiCl,(H,S,HCl). 

Bftil the miuiion Hwrott^hly to f^ewiort? iM 
HiS , cool, and add a decided excess 
of potassiiim or sodium hydroxide and 
digest without warming (§135, Ga)» 
Filter and w^ush. 



Stndy the text at 
5133. Oa, K e and 
/; §132, rih and r; 
§136. 5138, §139, 
§140, 5141.5144, 
5145 and ff. 



Precipitate: 

M;n(OH)i* 

BiBRolve in nitric 
acid and boil 
with an excess of 
PbO, and HNO;,. 
Violet solution 
(HMnOi ) indi- 
cates manganese 
(characteristic 
reaction, §134, 
6c), 

Dark -colored orig- 
in£)i solutions in- 
dicating an alka- 
li salt of manga- 
nese should be 
reduced bj 
warming with 
HCl before pro- 
ceeding with the 
analysis (§134, 
5e and 6f). 



Confirm by study 
of the text, §134, 
7, §136, §138, 
5139, §142. §143, 
5144. 5149 and 



Solution: 

EjZmO,, 

Test for zinc by 
adding H^S. A 
white precipitate 
(ZtiS) indicates 
idnc* 



Study the text at 
§135, (iff and ^ 
5136, §138, §139, 
§142. §143, §144, 
§145 and^. 



* Small portions of cobalt and nk^kel sulphides may be dissolved by the cold dilute UCU and 
will be precipitated with tho Mn OH),. Tbeao traee« wllJ not Interfere with the further testi 
fornMnganege, 
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Directions for the Analysis of the Metals of the Fourth Group. 

§138. Hanipnlation. — Into the warm strongly ammoniacal filtrate from 
the third group (§128), HjS gas is passed until complete precipitation is 
obtained : 

MiiCl,.2NH,Cl 4- 2NH4OH + H,S = MnS -f- 4NH*C1 + 2H,0 
(NH4),ZnO, + 2H,S = ZnS + (NHJ^S + 2H,0 

The solution is warmed until the precipitate subsides, allowed to stand 
for a few minutes, and is then filtered and the precipitate washed with 
hot water containing about one per cent of NH^Cl (§139, 2). The filtrate 
should be again tested with HjS and if complete precipitation has been 
obtained it is set aside to be tested for the metals of the succeeding groupj^ 
(§191). The well washed precipitate of the sulphides of Co , Ni , Mn , and 
Zn is digested on the filter or in a test-tube with cold dilute HCl (one part 
of reagent HCl to four of water) : MnS + 2HC1 = MnCU + HoS . The 
black precipitate remaining undissolved contains the sulphides of Co and 
Ni, the filtrate contains Mn and Zn as chlorides with an excess of HCl 
and the HjS which has not escaped as the gas. 

§139. Notes. — (/) Instead of passing* the H,S into the ammoniacal solution, a 
freshly prepared solution of ammonium sulphide may be used. The yellow 
ammonium sulphide, (NH4)2Sx« should not be employed to precipitate the 
metals of the fourth group, as nickel sulphide is quite appreciably soluble in 
that reagent (§133, 6e). 

(2) The sulphides of the fourth group, especially MnS and ZnS , should not 
be washed with pure water, as they may be changed to the colloidal sulphides, 
soluble in water. The presence of a small amount of NH4GI prevents this, and 
does not in any way interfere with the analysis of the succeeding groups. 

(3) If the precipitates are to be treated on the filter with the dilute HCl, 
the acid solution should be poured on the precipitate three or four times. For 
digestion in a test tube, the point of the filter is pierced and the precipitate 
washed into the test tube with as little water as possible. 

(4) The sulphides of Co and Ni are not entirely insoluble in the cold dilute 
HCl , and traces of them may usually be detected in the precipitate for Mn 
(§137, footnote). 

(5) Dilute acetic acid readily dissolves MnS but scarcely attacks ZnS (§135, 
6f). If desired, dilute acetic may be used, first removing the Mn and then 
adding dilute HCl to dissolve the Zn . 

(6) If large amounts of iron are pre.<ient, a portion of the Mn will always 
appear in the third group (§134, C^n), and is detected by the green color of the 
fused mass when testing for Cr: 3Mn(0H)j + 4KN0, -j- Na^CO, = aK^MnO^ -f 
Na:Mn04 + 4N0 -f CO, + 'iH.O . Too much HNO, in the oxidation of the 
iron favors this precipitation of Mn with Fe'" due to the oxidation of the Mn to 
the triad or tetrad combination. 

§140. Manipulation. — The black precipitate of cobalt and nickel sul- 
phides should first be tested with the borax bead (§141, 3) for the blue 
bead of cobalt (delicate and cbaraeteristic but obscured by the presence 
of an excess of nickel (§132, 7)). The sulphides are then dissolved in hot 
HCl, using a few drops of HNO3 (§141, 1), and boiled to expel excess of 
HNO3: (>CoS + 12HC1 + IHNO3 = OCoCl, + 3S2 + 4N0 + 8H2O. 
Divide the solution into three portions: To one portion of the solution 



342. DIRECTIONS FOR ANALYSIS WITH NOTES. 185 

^^.^d an excess (§142, ;8) of nitroso- iS-Naphthol, filter^ and wash with hot 
^^^B^ater and then with hot HCl (§132, 6b), Test the red precipitate with 
"t-le borax bead for cobalt. Kender the filtrate ammoniacal, filter again 
.^K.nd test this last filtrate with HgS for the black precipitate of NiS (§133, 
C^ and e). To another portion of the solution add NaHCOg in excess, 
"then add H2O2, warm and filter, a green color to the filtrate indicates 
-^z»obalt (§132, 10). The third portion of the solution is boiled with an 
^^xcess of NaOH , bromine water (10, §§132 and 133) is added and the solu- 
tion is again boiled. The black precipitate of the higher hydroxides 
^§141, 4) of Co and Ni is thoroughly washed with hot water and then 
"treated on the filter with hot solution of KI (§133, Gf), catching this last 
^filtrate in a test-tube containing CSj (§141, 6). Free iodine is evidence of 
^he presence of nickel. 

§141. Notes, — (7) HNO| interferes with the nitro80-/?-naphthol reaction that 
'follows the solution of the sulphides of Co and Ni , hence an excess is to be 
-avoided. A crj'stal of KCIO. may be used instead of HNO, . 

(2) If an insufficient axnount of nitroso-/3-naphthol has been used a portion 
^>f the cobalt may be in the filtrate and will give the black precipitate for 
'Xiickel. The filtrate must be tested with the reagent to insure complete 
S'emoval of the cobalt. 

(.?) Test with the borax bead as follows: Make a small loop on the end of a 
jplatinum wire, dip this loop when hot into powdered borax, and heat the 
-adhering mass in the fiame until a uniform transparent glassy bead is obtained. 
Repeat until a bead the size of a kernel of wheat has been made. Bring this 
liot bead into contact with the precipitate or solution to be tested and fuse 
»gBin in the burner fiame. Allow the bead to cool and notice the appearance. 
A deep blue indicates cobalt, obscured, however, by a large excess of nickel. 

(4) The nickel and cobalt may also be oxidized for the KI test as follows: 
Add five or ten drops of bromine to the solution to be tested in a beaker, 
"warm on a water bath under the hood until the bromine is nearly all expelled, 
then add rapidly an excess of a hot saturated solution of NajGOi . The black 
precipitate so obtained will filter rapidly. 

('}) The test for nickel by adding KI to the mixed higher oxides of cobalt 
ariH nickel is characteristic of nickel and is also a very delicate test. Fully 
nine-tenths of the cobalt salts sold for chemically pure, show the presence of 
nickel by this test. 

(6) In the reaction of nickelic hydroxide with potassium iodide some potas- 
sium iodate is formed and a greater amount of free iodine will be obtained if 
a drop of hydrochloric acid be added to the filtrate: KIO, -f- SKI -f- 6HC1 = 
31, + 6KC1> .-iH^O 

(7) If the sulphides of Ni and Co be digested with yellow ammonium sul- 
phide, a portion of the NiS will be dissolved (§133, fir) and may be reprecipi- 
tated as a gray precipitate (black with free sulphur) upon acidulating the 
filtrate with acetic acid. It is not a delicate test. 

§142. Manipulation. — Tbo solution of the sulphides of manpranese and 
zinc in cold dilute hydrochloric acid is boiled thoroughly to insure the 
removal of the hydrosulphnrir acid (§143, 7), cooUhI (gl36, 6n), and then 
treated with an excess of sodium hydroxide. The zinc forms the soluble 
zincate, NaoZnO. , while the manganese is precipitated as the hydroxide, 
white, rapidly turning brown hy oxidation: 

MnCl, 4- 2NaOH = Mn(OH), -f 2KC1 

ZnCl, + 4NaOH = Na,ZnO, + 2NaCl + 2H,0 
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Filter and test the filtrate with HgS , a white or grayish-white precipitate 
indicates zinc (oharaoteristio). Dissolve the well washed precipitate of 
lIn(0H)2 in nitric acid and boil with an excess of lead peroxide, adding 
more nitric acid. A violet color to the nitric acid solution indicates the 
presence of manganese (very delicate and oharacteristic) : 

2Mn(0H), + 5PbO, + lOHNO, = 2HMiiO« + 5Pb(N0,), + 6H,0 

§143. Notes, — 1, If the H^S is not completely removed the Zn will be pre- 
cipitated as the sulphide upon adding the NaOH , and will not be separated 
from the manganese: ZnCl, + H,S + 2NaOH = ZnS + 2NaGl + 2H,0 . 

2. Frequently the precipitate of zinc sulphide is dark gray or almost black. 
This is usually due to the presence of traces of other sulphides. If iron has not 
been all removed, through failure to oxidize completely with the nitric acid, 
it may appear as a precipitate with the manganese, and also as a black precipi- 
tate with the zinc sulphide. 

S, Small amounts of Co and Ni are frequently dissolved by the cold dilute 
HCl and will appear with the precipitate of MnCOH), . They do not interfere 
with the Anal test for manganese. 

4. The precipitate of Mn(OH), must be washed to remove all the chloride, 
as the manganese will not be oxidized to permanganic acid until the chloride 
is completely oxidized to chlorine. 

5. Instead of PbO, , red lead, Pb.04 , is frequently employed with the nitric 
acid to oxidize the manganese to permanganic acid: 

2Mn(0H), 4- 5Pb,0, -h 30HNO. = 2HMn04 -f 15Pb(N0.), + 16H.O 

6. It is very difficult to procuie PbO, or Pb,04 which does not contain traces 
of manganese. The student should always boil the lead oxides with nitric acid, 
and if a violet-colored solution is formed, this should be decanted and the 
operation repeated until the solution is perfectly colorless after the black 
precipitate of PbO, has subsided. Then the unknown solution in HNO. may 
be added and the boiling repeated to test for the manganese. 

7. The student is not advised to apply the permanganate test to the original 
substances. All reducing agents interfere, and MnO, frequently fails to give 
permanganic acid when boiled with PbO, and HNO, until after reduction 
(§184. 6c). 

Analysis of Iron and Zinc Groups after Precipitation by Ammonium 

Sulphide. 

§144. It is preferred by some to precipitate the metals of the third 
and fourth groups together, by means of ammonium sulphide; using 
ammonium chloride to prevent the precipitation of magnesium (§189, 5b 
and 6a), and to insure the complete precipitation of the aluminum as the 
hydroxide §124, Go). In the manipulation for this method of separation, 
the HjS is not removed from the second group-filtrate, nor is nitric acid 
used to oxidize any iron that may be present. To the second group filtrate 
(§80), warmed, an excess of NH.Cl is added (§189, oc), then NH.OH till 
strongly alkaline, and, paying no attention to any precipitate that may be 
formed {6a, §§124, 126 and 126), normal ammonium sulphide is added (or 
what is equivalent HjS is passed into the alkaline mixture). Aluminum 
and chromium are precipitated as the hydroxides, the remaining metals as 
the sulphides. The following table illustrates a plan of separation of the 
ammonium sulphide precipitates of the third and fourth gnroup metals, 
phosphates being absent: 
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§145. The presence of phosphates greatly complicates the work of the 
analysis of the metals of the third, fourth, and fifth groups. The phos- 
phates of the alkali metals are soluble, those of the other metals insoluble 
in water. As the solutions for precipitation of first and second group 
metals are acid; phosphates remain in solution and do not in any way 
interfere with the analysis for the metals of those groups; t. e., silver 
phosphate in nitric acid solution is readily transposed by HCl ; copper 
phosphate in acid solution is readily transposed by HoS ; etc. 

§146. When the filtrate from the second group is rendered strongly 
ammoniacal (§128) the phosphates of all the metals present, except those 
of the alkalis, are precipitated. Phosphates of cobalt, nickel and zinc are 
redissolved by an excess of ammonium hydroxide. Freshly precipitated 
ferric phosphate is transposed by the alkali hydroxides (incompletely in 
the cold). The phosphates of Al , Cr , and Zn are soluble in the fixed 
alkalis, the solution of chromium phosphate is decomposed by boiling, 
precipitating Cr(0H)3 and leaving the alkali phosphates in solution. 

§147. In analysis a portion of the filtrate from the second group (after 
the removal of the HjS) (§128) should be tested for phosphoric acid with 
ammonium molybdate (§76, 6rf). If phosphates are present the usual 
methods of analysis for third, fourth, and fifth groups must be modified. 
Several methods have been recommended: 

§148. First. — To the filtrate from the second group, HoS, being re- 
moved (§128), an excess of the reagent ammonium molybdate is added, 
the mixture set aside in a wann place for several hours, until the yellow 
ainmonium phospho-molybdate has completely formed and settled 
(§75, 6rf). Filter and evaporate nearly to dryness to remove the nitric acid. 
Take up with water and a little hydrochloric acid if necessary to obtain a 
clear solution, and remove the excess of molybdenum with HjS (§75, 6e). 
From this point proceed by the usual methods of analysis (§§127, 128 
and /A). 

§149. Second. — ^Precipitation of the phosphate as ferric phosphate in 
acetic acid solution. This method of separation rests upon the fact that 
the phosphates of the fourth group and of the alkaline earths are soluble, 
iind the ])hos])hates of Al , Cr"' and Fe'", insoluble in acetic acid. 

To the filtrate from the second group, freed from HjS by boiling (128), 
and nearly neutralized with NaoCOj , an excess of NaC^HgOg is added and 
tlien FeCl3 solution, drop by drop, as long as a precipitate is formed. 
Care must be taken to avoid an excess of FeClg , as the ferric phosphate 
is soluble in a solution of ferric acetate. As soon as the phosphate is all 
precipitated the blood-red ferric acetate is formed at once, indicating the 
jiresence of a sufficient amount of FeClj . The mixture should be boiled 
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organic matter^ can readily be removed by ignition. If the presence of 
an oxalate has been established (§§188, 6h and 227, 8), the second group 
filtrate should be evaporated to dryness, moistened with concentrated 
HHO, and gently ignited. The residue, dissolved in HCl , is then ready 
for the usual process of analysis. For the analysis in presence of silicates 
and borates the student is referred to the text under those elements 
(§§248, 8 and 221, 8). 
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The Raher Metals of the Iron and Ziko Grouf8< 




Ceritlin^ Colnmbitim (Niobium), IHdymium^ Erbmm, Gallium, GlucinEm 
(BerylliuniJ, Indium, Lantliaiium, Neodymium, Praseodymium, Sama- 
rium, Scandium, Tantalum, Terbium, Thallium, Thorium, 
Titanium, Uramum, Ytterbium^ Yttrium, Zirconium. 

|154 Cerium. Ce = 139.0 . Valence three and four. 

Bpecifit^ gratHtii, 0.628. Metis higher than Sb and lower thnn Ag (Hillebrandt 
nnd Xejrtoii, Pout;., i^'^'"* l&9» -K'*^)* Cerhmi is a comparatively mi e metal, never 
found natJTe; it is found in ninny minerals in Sweden, especially in cerite. 
which is chiefly a silicate of Ce , La , Ne , Pr , Al and Fe; also found in a 
brick-making clay near Frankfurt, Germany (Strohecker, J. pt\, 1H85, (12), 33. 
133 and 260). It was iirst desenbed in 1803 by Kluproth, but in IH'A9 .Mosantler 
showed the supposedly pure cerium oxide to consist of oxides of at least three 
metalB: Ce, La, D (Ne and Pr) iPiigg., 1842, 56. ,mi). The metal ia obtained 
from the chloride, CeCl, . by elect roly sis or by heating with HOdinm. It is a 
Bteel-gray, lustrous, malleable, ductile metal; fairly stable in air under ordinary 
conditions. When heated in air it burns with int^andescence. It burns in CI , 
Bf and hi va[>or of I , S and P . Soluble in acids. Two oxides are known. 
Ce^Oa and CeO^ * forming' two classes of salts, eerous and eerie, the latter being- 
less stable. iR-nition in air or oxyg-en changes Ce.Oj to CeOa . CenO, is white 
or i^rayiKh-white, soluble in acids and formed by ig-niting* CejtCOj,),i , Ce;(CjOt)j 
or CeOa in an atmosphere of hydrogen. Cerous salts are white and form color- 
less solutions in water. Cerie oxrde, CeOa , is yellowish-white* orang-e-yellow 
when hot, soluble in acids with ditficiilty; the hydroxide dissolves readily. 
Cer^c salts are yellow or red, forming yellow solutions. Cerie hydroxide, 
Ce(OH), . disaolves in HCl with evolution of ehlorhte, formings colorless cerous 
chloride. Siiiphurotis acid decolorizes solutions of eerie salts, forming- eerous 
salts. Fixed alkali hydroxides and ainmonlam sulphide precipitate, from 
solvit ions of eerous salts, the white (rmttft hffdroj^ide, turnings yeUow by absorp- 
tion of oxygen, with formation of eerie hydroxide. The Vr^'^'^P'^w*^ i« in- 
soluble in excess of the fixed alkalis (distinetion from Al and Ql). The pre- 
cipitation is hindered by the presence nf tartaric acid (distinction from 
yttrium). Ammonium hy droxid e preei p i t a t e s a ba sie sa 1 1 . Allc all ca rb onates 
precipitate eerous carbonate, soluble in excess of the fixed nlknli carbonates, 
Oxalle actd forms frrttm oxfilate, white, from moderately acid solutions, soluble 
in hot (HHJiC^O, . hut reprecipitated on dilution with cold water. A eon- 
centrsited solution of K.SO« forms the dfuthle Hulphatt\ KiCe(SOj^ , white* 
sparinfirl,v soluble in water, inaolnble in K.SO^ solution (distinction from Ol). 
Na.SjOi does not precipitate cerium salts. BaCO, does not precipitate cerous 
salts in the cold, hut precipitates them completely on boiliuK. Onr ^ftltH are 
completely precipitated by BaCO^ in the cold. Alkali hypochlorltei precipitate 
cerotis salts as the yellow eerie hydroxide. If eerous nitrate be boiled with 
PbOj and HNO| , ctHc mtrutt\ a deep yellow solution is formed [fMlnth' test 
for cerinm). Cerium giv^s no absorptioti spectrum, but the spark spectrum 
shows severEl brilliant lines. 



§165, Columbium (Niobium), Cb = 1)3,7 , Valence five. 

Colmnbium uBuaHy occurs M*ith tantalum in such minerals as cohimbite and 
^ayliUte; it is also found in tantalum free minerals as euxenite, pyrochlor, etc, 
tiha metal is prepared by pas*ingr the penta*ehloride mixed with hydrog^en 
repeatedly throug-h a hot tube. It is a steel-gray lustrous metal .^ sjm^tfit 
grarUff, 7.0(5 at 15.5°, By igpition in the air it burns' readily to the pentoxide. 
Not attacked by chlorine in the colil. hut when warmed' combines readily, 
forming CbCl^ . The metal is not soluble in hydrochloric, nitric or nitrohydro 
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§156. 



eMoHe acids, but ib readity soluble in hot concentrated sulphuric acid, fcjrmini,'- 
a colorles!^ sjolutiou (Koscoe, C. A\» 1878, 37. 25). It formes several oxides, CbO , 
ChOj and CbjOj . Columbie acid (anhytlride) Cb^Oa , is a white powdei% yellow 
when hot (distinotion from tflutalum}; it Is ubtained by igTiiiiou of the" lower 
oxides, or by deconil^s^Jtiou of ^^-olutioufi of the tiidtK by wuter or alkalis and 
ignitingr- CbOj , black, in prepared by stron^^jy j^iviting Cb^Oi in a currcjyt of 
hydrogen, Cb.O^ , not too strou^dy i^^nUed* is *^olul)le in ackls, from whicli 
solutions NH^OH find ^WHi).S precipitate c^dmnhic uHd containing- some anj- 
nionia. Uy mixin/?^ Cb.O„ with i hnrfoul and heiiting- In a current of chlorine, a 
mixture of GbOCln and CbCl. is^ obtained, CbClii is a yellow cryistalline solid 
(needles?), nieltin|T at PJ4' imd distilling at 24^5° (TVville and Troost, P, r., 1867, 
64, 2114). I'pon treating the eldoride with water, it is partially deconiposed 
to colnnibic acid» a larpre portion renuuning In Kolution and not precipitated 
by H,SO, {distinct ion from tantahnu). Cb^O^ not previously ignited dissolves 
in HF; which solution when mixed with KF , the HF beiii^r in exccf^s, ^'nes 
a double ttuondc. 2KF,CbF, : if the HF be not in exeens, a double oxy-€uorlde 
is obtained, 2KF.CbOF, (Krness and Xilson, R, 1^87, 20, !67<i). The potaasium 
eolumbium fluoride is much more soluble than either the corresponding tita- 
nium or tantalum compounds. Fui^ion of columbie acid with the alkalis g-ives 
the colnmbate^j the jiotiimhtm mtt beinjf quite Eiifiluble in water and in potas- 
sium hydroxide; the m/dium ttntt Is only soluble in water nfter removal of the 
excess of the sodium hydroxide. From a solution of potassium eolnmbate* 
sodium hydroxide precipitates, almost completely, milium colmnbnte. Carbon 
dioxide prcci]ntHtes mhimhiv avUf from solutions of colum bates* So I u Vile salts 
of Ba . Ca and Mg form white bulky precipitates with a solution of potassium 
columbnte. Ag'NO;^ jfives a yellowish -white precipitate, CuSOi a green pre- 
cipitate. CbjO,T in presence of HCl or H.SO^ pives a hlw: to hmitn cedar witb 
Sn or Zn, due to partial reduction of the Cb (distinction from tantalum). 
Fused with sodium meta-phosphate. cobnnbic -leid ^ives in the inner tlame a 
violet to blue bead; a red bead by addition of FeSOt . 



^166, Didyminm = j J^^odymi™. Nd = 143.6 

I Praseodymium. 



Valence three, 
Pr — 110,5. Valence three. 



Speeifif f^avitu, C.544. MHtfi %vith greater dimenlty than Ce or La. Present 
In cerite in Sweden and in mona/ite sand from Hrazil. Didymtum was reported 
about 1S40 by Mosander, having- been sejai rated from cerium and lanthanum. 
In 1985 Welshaeh (J/., 18H5, 6, 477) separated didyminm salts into two distinct 
salts, neodjTnium and praseodymium* Hy the absorption spectrum bands 
other chemists are of the opinion thai the so-called didymivim consists of a 
group of elements, nine or more (ivruess and Xilson. B*, tH87, 20, 2HHi; Kreuss* 
j1„ 1S92, 265, 1). Concerning the separation of didymiam compounds, see 
Dennis and Cliamot (J. Am. Sm'., 1897, IS, 7l>9). By repeated fractionation of 
the nitrate (several thousand times) Welsbach obtained a pale green salt and 
a rose-colored salt, which irave different spectra bnt which, united, gave the 
speetrum of didyminm* Didyminm oxide absorbB water to form the hydroxide, 
which absorbs CO^ from the air, but does not react alkaline to litron^s* The 
salts are isoluble in water to a reddish solution- The saturated sulphate solu- 
tion does not deposit crystals imtH hat^ei! fa fmUfntr. while hint ho ml m ffulphatit 
prertpifufeji from the saturated solution at SO"". Fixed alkalis precipitate the 
hydroxide: NH^OH , a basic salt: insoluble in excess of the reagents. Alkali 
carbonates form a bulky precipitnte, insoluble in excesi, of the reajrent. barium 
carbonate precipitates slowly btit enmplctely. Precipitation by alkalis is pre- 
vented by tartar ie acid. Oxalic acid precipitates didyminm salts completely, 
soluble with difficulty in HCl * The double ^mtaf^mum sulphate forms nuich 
more slowly and less completely than with cerium. The salts give a distinct 
and charnHeriHfic absorption spectrum. Consult ,lones iAm., 1ft9S, 20, :i-l5), 
Scheie (Z. atmrfh, 1898, 17, :^19), Boudard (T, r,» 1R9«, 126, [*(K)), Demarcay 
(C. r., 1898, 126, 1039), and Brauner (C. N„ 1898, 77, 161). 
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§167. Erbium. Er = 1G6.0 . Valence three. 

Erbium metal has not been prepared. As oxide or earth it is described by 
Clere (C. r., 1880, 91, 381) as that yttrium earth the most beautiful rose 
colored. It forms a character iatic absorption spectrum, and a spark spectrum 
with sharp lines in the orange and green. This earth has not been thoroughly 
studied and quite probably consists of the oxides of several metals (Boisbau- 
dran, C. r., 1886, 102, 1003; Soret, C. r., 1880, 91, 378; Crookes, C. A'., 1886, 54. 
13). The oxide gives upon ignition an intense green light; it is not fusible or 
Tolatile. 



§168. Gallinm. Ga = 70.0 . Valence three. 

Specific ffravity, the solid, at 23*» to 24.5*', 5.935 to 5.956; the melted, at 24.7°, 
6.069. Melting point, 30.15°; frequently may be cooled to 0° without again be- 
coming solid. It is a grayish-white metal, crystallizing in octahaedra or in 
broad plates. It is quite brittle and gives a bluish-gray mark on paper. It 
^ves a very weak and fugitive flame spectrum; the spark spectrum shows two 
beautiful violet lines. When heated in the air or in oxygen it is but slightly 
oxidized; does not vaporize at a white heat; soluble in acids and alkalis; 
attacked by the halogens (with iodine only upon warming). In the Periodic 
System it is the Ekaaluminum of Mendelejeff, who described the general prop- 
erties before the metal waa discovered (C. r., 1875, 81, 969). It occurs In zinc 
blende (black) from Bensberg on the Khine; in brown blende from the 
Pyrenees; and in some American zinc blendes (Cornwall, Ch. Z., 1880, 4, 443). 
It is prepared by electrolysis after previous purification of the ore by chemical 
methods. 4300 kilos of the Bensberg ore gave 5.") kilos of pure gallium (Bois- 
baudran and Jungfleisch, C. r.. 1878, 86, 475). The oxide, OasO, , is a white 
powder obtained by igniting the nitrate. After strong ignition it is 
insoluble in acids or alkalis. It is easily attacked on fusion with KOH 
or XHSO4 . The alkalis and the alkali carbonates precipitate the salts 
as the hydroxide, perceptibly soluble in fixed alkali carbonates, more easily 
in ammonium hydroxide and in ammonium carbonate, and very readily in 
the fixed alkalis. Tartrates hinder the precipitation of the hydroxide. The 
salts of gallium are colorless and for the most part soluble in water. The 
neutral solutions upon warming precipitate a basic salt, dissolving again upon 
cooling. Excess of zinc forms a basic zinc salt which precipitates the gallium 
as oxide or basic salt. BaCO, precipitates gallium salts in the cold. K4Fe(CN), 
^ves a precipitate, insoluble in HCl , noticeable in very dilute solutions 
(1-175,000). HjS does not precipitate gallium salts from solutions acid with 
mineral acids; from the acetate or in presence of ammonium acetate the irhite 
sulphide, Oa»Sa , is precipitated: (NHJoS precipitates the sulphide. Gallium 
chloride, GkUCTl, , is a colorless salt, melting at 75** and volatilizing at 215° to 
220®. The vapor density indicates the molecule to be CkuCl^, , which decomposes 
to CkiCl, at about 400° (Friedel and Kraft, C. r., 1S8S, 107, 30r»). Upon evaporat- 
ing a solution of the chloride on a water bath the salt is perceptibly volatil- 
ized, not so if MJ&O^ be present. Gallium sulphate forms with ammonium 
sulphate an alum. For separation from other metals, see Boisbaudran, C. r., 
1882, 95, 410, 503, 1192, 1332. 



§169. Glucinum (Beryllium). Gl = 9.1 . Valence two. 

Specific grant u, 1.R5 (Ilumpidgc, Pror. Roy. »S'or., 1S71, 30, 1). Melting point, 
below 1000 (Debray, A. Ch., 1S55, (3), 44, 5). It is a white malleable metal, 
obtainable in hexaVonable crystals (Nilsou and Pettersson, B., 1878, 11, 381 
and 900). It was first discovered in 1797 by Vauquelin from beryl. It is 
stable in the air, does not decompose steam at a red heat, and at red heat is 
scarcely attacked by oxygen or suljihur. It is a strongly positive element, 



]9G ^^^^" iXDWyf. ^t^f gieo- 

in general propertie.s between ahiininnm and the alkaline enrtlis: as lithhitn 
19 between the alkaline earths and the alkali inetnls. It should be elaesed 
with the alkaline earths. It is found in ehrysoberyl. Ql(A10~)i . in phenakite* 
Gl EiOi . and in some other silicntt's. It is prepared hy heating the chloride, 
QlCl. , with Na in a elosed iron erucible (Kilaon and PetterBaon, Lc): or by 
heating the oxide, GIO , with M^ (Winkler, /i., 1H90, 23, \2{>). The oxide, GIO . 
is obtained by ipniting^ the hydroxide. It ih a white infusible powder, soluble 
in acids* and in tixi^d alkalis. The hydroxidt' Ir prepared by precipitatinfr the 
salts with NH^OM , soluble m thefij^4 fttktjfh and in niummiuitt earhfmnte, 
concentrated: precipitated on dilution and boiling (distinction and separation 
from Al). Ttie metal is soluble in acids except thai when in the compact 
form it is seareeiy attacked by HNO^ . The hydroxide is soluble on continued 
boil in fT with NHjGl ♦ forminpr 0101^ . The more eommon salts of ^luchvum are 
soluble in water to u solution havings a sweetish taste* The earbonate and 
phosphate are insoluhlf, the oxalate and sulphate soluble, the existence of a 
sulphide is doubtful. Solutions of g-lucinum salts are precipitated by the 
alkalis, the precipitate beinff f^oluble in excels of the fixed alkalis. The alkali 
carl^anates prceipitate the carbonate, soluble in concentrated ammonium car- 
bonate^ repreei pita ted on diluting^, boilinj^ and adding- an excess of NH^OK 
(Joy, Am. S., 1S(»,J, (2), 36, 8:J). The salts are not precipitated by H.S , but are 
precipitated by (NHJ^S as the hydroxide. BaCO^^ does not precipitate t^l salts 
in the cold, but precipitates them upon boiling. OlCl: melts at about fiOO" 
and sublimes at a white heat, forming- white needles. The oxide has not been 
melted or sublimed. Gl usually occurs as a fiilieate with alarainiim. The 
mafis is fused with alkali carbonate, acidified with HCl and the Al and Gl 
chlorides filtered from the SiOj . An excess of ammonium carbonate precipi- 
tates both metals, but redissohes the Gl . After repeatini? this separation 
several times pure glucinum hydroxide, Gl(OH); , is obtained upon boiling off 
the ammonia. The hydroxide thus obtained is ig-nited and w^eighed aa the 
oxide. 



§160- IndiTim. In = 114.0, Valence three, 

Specifle f^rarUfh TJl to 7*28 at 20,4*. Mrtfhtfj pnuif, ITG*. Indium was discov- 
ered in Freiberg ziue blende by Reich and Iliehter {J. pr., 18r>:i, 89, 411; 90, 175; 
1804, 93, 4S0), hy une of the spectroscope. It U found chiefly as sulphide, never 
native, in the Freiberg blende to the extent of about 0.1 per cent. It is found 
in a few other places, but in much smaller amounts (Boettprer, J. pr., IBfiO, 98, 
26). In the preparation of indium the Freiberg zinc is dissolved in HCl or 
HJSO^ , leavinif an exce&s of the zinc. When no more hydrogen is evolved, the 
mass is digested for a day or more with the excess of Zn , where by the indium 
is obtained as a precipitate with Pb , Cu . Cd , Sn , As, Be and Zn . This 
precipitate U dissolved in nitric acid and evapcuaiid with sulplinrie aeidi then 
taken up with water separating from lead. The solution is precipitated with 
NH*OH , which precipitates the In and Fe: this precipitate is dissolved in 
HCl and boiled for some time with NaHSO, , The indi\jm sulphite is obtained 
as a fine erybtalliiie pc%vder, which is treated with HWO, and H^SO^ , forming 
indium anlphate, from M'hich the metal is precipitated by zinc (Oayer, A., 1S71, 
158, :{72: Boettger, J. pr,^ 1S69, lOT, 39: Winkler, J. pr., 1867, 102, 276). Indium 
is a g-rayish -white metal, very soft, makes a good mark on paper, is ductile, 
easily fusible, less volatile than Zn or Cd . It is less electro ptmjtivc than Zn 
or Cd and hence it is precipitated from it,4 solutions by both these elements. 
Ib the air or in %vater it is rather more stable than 7,inc* Heated in the air it 
burns with a violet flame and brown smoke, forming the oxide, In.O, . Indium 
does not d ceo ni pose water at lOO''. At a red heat it Cfmibines with sulphur 
and the halogens. By ignition with charcoid or in a current of hydrogen it is 
reduced to the metal from its compoiinds. It is soluble in HCl and H^SO* » 
evolving H: in HKO, , evolving 'NO. In the reactions of its salts indium 
deports itself quite similar to Fe'"' and Al . Its most chfirtirf eristic property is 
its spectrum; two lines, an indium tt , intense blue, and an indium ,i . less 
intense violet (Schroetter, J, pr., 1805, 95, 4Jl). In.O« ia brown when hot. 
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light yellow when cold, slowly soluble in cold acids, rapidly when heated^ 
Indium salts are preeipitBted hy the alkalis ns IntOH), , soluble in excess of 
the fixed aikalis, repret'lijitated by boHinir or treating with NH^Cl. Tartrates 
jjrevent the [jrecnpHatiou by alkaHs. Alkali carbonates precipitate the indium 
earboriate» soluble in auiinouiuni carbonnte, but repreci|jilat.eci on boiling. 
BaCOj carbonate precipitate*^ the indium completely as a basic ealt < separation 
from Co , Ni , Mil , Zn tind Fe")* Phosphates form white precipitates from 
neutral soUitions, H^S precipitates from neutral solutions, or solutions acid 
with acetic acid, yellow indium sulphide. In alkaline solutions H^ , or in 
neutral solutions (NHJ^S * forms a white precipitate containing' tn^^ , Yellow 
Xn^Bj boiled with (1^^1)331 beeoincH white and is partly dissolved. Upon cool- 
ing the solution a bulky white preeipitntc separates out. K^Fe{CW)i g:ives a 
white precipitate: K^CtO^ gives a yellow precipitate i KiCr^O^ » S^FeCCNl^ and 
KCNS do not form precipitates- 



§16L Lanthaimm, Lfi = 138.6 , Valence three. 

£]fiecific grant iff f'.lO. Melts somewhat higher than Ce * In general Jippear- 
Bnee and properties very similar to Ce . It is prepared almost exclusively from 
cerite. By treating the mineral with an insuffieieDt quantity of HNO, , a 
aohitiofi rich in La may be obtained. The cerium is precipitated from the 
solution by alkali hypochlorite. The filtrate is converted into the sulphate and 
separated from We and Pr sulphates by fractional crystallization, 1 he ! utter 
being more soluble (Holxman, J. p)%^ IHSS^ 75, MS). Fractional precipitation 
with NH4OH is also used to separate La from Ne and Pr , the latter precipitat- 
ing tirst (Cleve, HL, 1874, 21, V.m\ 1SB3, 39, 2ST). The metal is prepared from 
the chloride, LaClj , by electrolysis or by ignition with potassium- The igni- 
tion point of La is higher than that of Cei it is also not so readily attacked 
by MNO3 . In cold water La is slowly attacked, but in hot water the aetJon 
is violent OVinkler, R, 1S90, 23, 7B7). The oxide, Lo^Oa . is a white powder, 
readily soluble in acids: vvith water it forms the hydroxide, La(OH)j , which 
reacts alkfifitie towards litmus and absorbs CO. from the air. La (OH), is 
soluble in a solution of JTHtCl (similar to Mg-iOH)!). The salts are colorless. 
K^^SO^ and H^C;,0| form prceipHates with lanthanum salts us with cerium stilts. 
Fixed alkalis precipitate lanthanum salts as La(OH)j , white, insolnble in 
excess of the reap-ent and not changing color on expos^ure to the air (distinc- 
tion from Ceb Alkali carbonates precipitate La;(CO03 . insoluble in excess. 
BaCO; precipitates the salts completely in the cold. N^H^OH precipitates basic 
salts. EhS forms no precipitates (NMjjS precipitates the hydroj^ide. Lantha- 
num gives a number of eharacteriKtic lines in the spark spectrum (Bettendorf, 
A., 1889, 256, 1511)* 

§162, Neodymium, Kd — 143,0 . See Didymmni (gl56). 
§163. Praseodymium, Pr = 140.5 , See Didyminm (§156), 



§164. SamariEza. Sm ^^ 150.S . Valence three. 

Samfiriutn was found in iS70 by Gois baud ran from didymium earths by its 
peculiar speetrum {i\ n, 1879, 88, 32:t). According- to Crookea (C, r,^ leSfj/lOS, 
14C4), it conHlsts of at least two elements and is found in all yttrium earths. 
Its snltM are light yellow* g-iving- an absorption sfjectrum of six bands (Kruess, 
B,^ 1HB7, 20j 21 41). In its chemieal properties it is more similar to Nd and Pr 
than to Y , It is separated from ITd and Pt by the fractional precipitation of 
the hydroxide, basic nitrate* oxalate and sulphate^ which separate before the 
corree ponding^ Hd and Px compounds. 
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§165. Scandium. So — 44 J . Valence three. 

It Is found in euxemle and gadolinite with yttrium. Its aame comes from 
Scandinavm, where it was Html found. It is separated from ytterbium, with 
which it is always closely associated, by heating the nitrates: the basic scan- 
dium nitrate being precipitated before the ytterbium basic nitrate, or by 
precipitating as the double potasMum sulphate, the eorrea ponding ytterbium 
aalt remaining jn solution. The oxidt>» Sc-Oi , is a white flocculent infusible 
powder, readily soluble in warm acids. The solutions of the salts show no 
absorption bands in the spectrum. The spark spectrum of the chloride gives 
over 100 bright lines (Thalen, C, n, 1880, 01, 45) Sobitions of the salts taste 
sweet anfl have an astringent action. The alkalis precipitate the hydroxide, 
a white bulky precipitate, insoluble In excess of the precipitant. Tartrates 
hinder the precipitation in the cold, but not upon heating* Na^jCOj gives a 
bulky white precipitate, sciluble in excess of the reagent. H.fl Is vrithout 
action, btit (WH*)jS precipitates the hifdroMde. K^SO, pTeclpltates the double 
scandium sulphate, :iK.SO^^c,{SO,)^, soluble in water but not in a saturated 
XiSOi solution. 



§186. Tantalum. Ta — 182.8 , Valence five. 

Tantalum occurs in tantallte and columbite, silicates, nearly always ac- 
companied by columbium. It is prepared by heating the tantalum alkali 
fluoride with'K or Na In a well-covered crucible (Rose, Poffff., 1856, 90, 65), It 
Is a black or iron-gray powder with a metallic lustre. Spertfte j/mrff^, 10*78. 
Heated in the air It burns with incandescence to form Ta^O^ . It is insoluble 
in acids evcept HI* , in which It dissolves with evolnlion of "H. , Upon ignition 
in a current of chlorine, TaClj , volatile, is formed. Bolutlou of alkalis has 
no action, npon fusion wnth the fiated alkalis an alkali tuntalate is formed. 
Ta^Oi is a w^hite Infusible powder, specific gravity, 8.01 (Manguac, A. Ch., IStifi, 
(4), 9, 254)* The oxide fused with tixed alkalis gives also an alkali tantalate. 
M'TaOft* When KOH is usid, the fused mass Is soluble in waten When NaOH 
is used, water removes the excess of alkali, leaving the UaTaO, as a white 
residue, which dissolves in pure water, but not in NaOH solution. Tantalum 
chloride is a yellow solid^ melting at 211,3° and boiling at 241.6"*, Mith T5.i 
mm* atmospheric pressure ( Devil le and Troost* C. r., 1867, 64, 294). It is com- 
pletf'ly decomposed by water, forming the hydra ted acid, SHTaOa-HsO ^^ 
H^Ta-.O^ . The freshly precipitated acid Is soluble in acids and re precipitated 
by NH|OH* The acid Is readily soluble in HF , which solution with Kl* forms 
& cffttrnfitrtstie double sail, SKP.TaP, , crys^tnllizing in fine needles, insoluble in 
water slightly acidulated with HF (distinction and separation from colum- 
bhim)* A solution of alkali tantnlate gives with HCI a precipitnte of t:intnli<^ 
acid, soluble in excess of the HCl . From this solution NH«OH or (NHj^S 
precipitates tantalic acid; H^SOj precipitates tantalic sulphate. Tartaric acid 
prevents the precipitation with KH.OH and {T^M^yM , A solution of tantalic 
acid gives no coloration with Kinc (distinction from Cb). Solutions of alkali 
tantalatea form tantalic add with CO3 . The acid fused with sodium meta- 
phosphate gives a colorless bead (distinction from SiO^), which does not become 
blood -red upon adding FeSO^ and heating in the inner flame (distinction from 
titanium). 



gl67. Terbium. Tr — IGO, Valence three. 

The terbium compounds are Tery aimjlar to the yttrium compotmds. The 
salts are colorless and give no absorption spectrum. The double potassium 
terbium sulphate has about the same solubilities as tbe corresponding cerium 
compound, and so the terbium Is frequently preclphated with cerium com- 
pounds. Terhia, TrjO, , is the darkest colored of the yttrlnm earths, soluble 
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in acids and sets KHd free from ammoniiim aalts. The hydroxide is a 
g-elatinous precipitate which ahsorbs OO2 from the air. It is quite probable 
that terbia ie a mixture ol rare earths (Boisba^dran, C* r,, 1886, 102, 153, 395, 
4B3 and 899). 



§168, Thallimn* H — 204.15 , Valence one and three, 

Thaninin wqk discovered by Crookee by means of the spectroscope in ISO I, 
in selenium residueu of the H,SO| factory at lilkerode in the Hartz Mountoms, 
Germany (C, X., 18<j1. 3, 193, :S03; 18fi3, 7, 2iJ0; 180:i, 8, 159, 195, 219. 231, 243, 
255 and 279J» It is found widely distributed in many vartetJes of iron nnd 
copper pyrites, but in larg'e proportions it is only found in Crookesite in 
Sweden. This mineral contains as high as 18.55 per cent Tl (Xordcni^kjoeld, 
A., 1867, 144, 127). It ib jirepared by reduction from its soluiiona with Zn or 
Al; by electrolysis; l>y precipitation with KI , and then redaction by Zn or Al 
or by electrolysis. h'pvH^ gmvHy, 11.777 to 11.9 (Werther, J. /*r, 1^63, 89, 189), 
MeiUnij [ifiini, 2W (La my, V, r, 18G2, 64, 1255). It is a hluish-w^hite metal, 
softer than lead, malleable and duct Me i tarnishes rapidly in the air; may be 
preserved under water, which it does not decompose below a red heat; soluble 
in H30, sind HTTO, , in HCl with great difficulty; combines dirpctly with 
CI, Br ^ I, P, S, Se, and precipitates from their solutions Cu , Ag , Hg ^ 
An and Pb in the metallic state. As a monad its compounds are stable, and 
not easily oxidized; as a triad It is easily reduced to the univalent eonditlon, 
Thallious oxide, Tl^jO , is black; on contact with water it forms an hydroxide, 
TIOH , freely soluble in water nnd in alcohol, to colorless solutions. The car- 
bonate is soluble in about 20 parts of water: the sulphate and phosphate are 
soluble; the chloride very sparing-ly soluble: the iodide insoluble in water. 
Hydrochloric acid precipitates, from solutions not %*ery dilute, ihnltious 
chhvitte, TlCl , white, and unalterable in the air. As a silver-group precipitate, 
thalHous chloride dissolves enough in hot water to give the light yellow pre* 
eipitate of ioditle^ Til , on adding a drop of potasaium Iodide solntiou, the 
precipitate being slightly soluble in excess of the reao^ent. H^ precipitates 
the acetate, but not the acidified solutions of its other salts, (KH^J-S pre- 
cipitates Tl^S, which, on exposing to the air, soon oxidizes to sulphiite. 
^errocyanidefl give a yellow precipitate. Tl,re{Clf)B; phosphomolybdic acid a 
yellow precipitate; and potassium permang^anati a red-brown precipitate, con- 
sist in jf in part of Tl.Oj . Chromatea precipitate yellow normal chromatc: and 
platinlc chloride, jinle orange, thaliioun plntiuw cAfonrfe, TljPtCl^ * Thallium 
compounds readily impart an intense green color to the flam.e, and one emerald- 
green line to the apectrum (the most delicate test). The flame-culor and 
spectmm, from small quantities, are somewhat evanescent, owing to rapid 
vaporisation. Thallic oxide, Tl.On , dark violet, is insoluble in water; the 
hydroxide, an oxyhydroxide, TIO(OH), is brown and gelatinous. This hydrox- 
ide is precipitated from thallic salts by the caustic alkalis^, and not dissolved 
be excess. Chlorides a ad bromides do not precipitate thallic solutions: iodldea 
precipitate Til with I. Sulphides and H^K precipitafp thdlliouM mtltthidr, with 
sulphur. Thallic oxide, suspended in solution of potflnsium hydroxide, and 
treated with chlorine^ develops an intense violet-red color. Thallic chloride 
and EUlphate are reduced to thallious salts by boiling their water solutions. 



§169, Thorium, Tli = 232.6 , Valence four. 

Thorium is a rare clement found in thorite (a silicate), orangite and some 
other minerals. It was described by BerKellus in 1328 (Pof?!?., 1829, 16, 38,1), 
who also prepared the metal by reduction of the potassium thoHvim fluoride 
with potassium. The metal is a gray powder: i^prt^ifir gmvitih ll.(H>0: stable in 
air at ordinary temperature, but igniting vvhen heated: attacked by vapors of 
CI, Br, I and S, Sparingly soluble in dilute acids, easily soluble" in concen- 
trated acids; insoluble in the alkalis (Xilson, i?;, 1882, 15, 2519 and 2537: Krueaa 
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and Xilson, B,, 188T, 20, IM5), Thorimn form«^ one oxule. TbO, , upon ig^nition 
of the oxulate. It ia a sn^jw-whiie powrltr, imt eiiwiiy Koluble in aeitb if hig-hlj 
igUJtrd iCleve, */., iwT-t, 261). The hydrHdidr, Th(OH),, is funiii^rl l>y precipita- 
tion uf the salts by tlie alkaLis It is u whit*'t lu.^tivy, ^rUdhioiiK prei'ipitute, 
drying to a hiu'd glii.ssy miif^s* The f/i/yrit/r, TliCl, , iiiid tin.* nitrate, Tli(HOj)», 
»re thiiqut'Hiitnf. The vhlnrifiv ib a while body nieltin^JT wt a white hen I and thea 
fiuhliming in lieautifnl white needlfs (Kriiess and Nilson, Lv.}. The mtlfthate 
ia sohit}le in five ports of cohl water. The t*ttrhon*rt€^ ft,rnhtfe nnt\ i>hfiftphriie are 
"insoUihle in writer; the fuytfatr x» Kenreely aolubJe !u dilute mineral aettls. 
Alkali hydroxides or sulphides precipitate thorium hydroxide, Th(OH),,, 
iiiisninhie iu excess of tlie rea*^ent. Tartarie and citric acids hinder the pre- 
ei pi tat ion. Alkali carbonates precipitate the bas^ic carbonate, sohible in ex- 
cess, if the re a pent be eoiieentrLifed, The solntlon in (NH^J CO. reitdily repre- 
cipi talcs upon wariniiig-, BaCO, jirecipitates thorium salts loiiiplctely. Oxalic 
acid ^ind oxalates fornj a white precipitate (distinction from Al and Ql)^ not 
SiOlnhle in oxulic acid or in dilute raincrjil acids: soluble in hot concentrated 
(NH/JvO^O* and not rcpreclpitated on cofdin^ and dilutinf^ (distinction from 
Ce and La). A saturated sot nt ion of S~SO^ slowly but completely precipitates 
a sohition of Th(SOjj , forniTiiR- potass^inm thorium sulphate: inHdluhlf jn a 
saturated KSO^ solution^ sparinp-ly soluble in cold water, reafiilj- soluble in 
hot water. HF precipitates ThT^ , insoluble in excess, f^elatinous, becoming' 
crystalliiic on standiuR-. BoiHu|r freshly precipitated Th(OH)* with KT in 
presence of HF forms K.ThF^.4H,0 , a heavy fine white precipitate almost 
imohiffff in water* The d\?ttiftttu^fi^ii"ft reactions of t}ioriuiii are the firrHpitntltm 
with oxalates and with ^^O^ , and fnilurc to form a soluble compound on 
fusion with Na^COji (distanetion from BiOj and TiO.). 



§170. TitaEium. Ti = 48.15 . Valence three and foiin 

Titanium is found quite widely distributed as rutile, brookite. anatase, 
titan ite, titaniferoua iron* FeTlO., , and iu many soils and clays. Never found 
native. It is prepared by heating' the fluoride or chloride %vrth K or Na . It 
is a dark gray powder, which shows distinctly metallic when mttgaifii'tl. Heated 
ia the air it burns with an unusually brilliant invttndem-'rnet''^ sifted into the 
flame it burns with a bihidiittj ht'iUUwve. Chlorine in the cold ia without action, 
when heated it combines with vivid incandescence. It decomposes water at 
100'** It is fiobThle in acids» with evolution of hydro^en» formings titanous 
chloride* At a hig-her temperature it combines directly with Br and I. It is 
almost the onUi tmlfil that combines dircrtlif with nitrofirn when heated in the 
air (Woeliter and Deville, .1., 1>>,>T; 103, 2:i0; Merz, J. pr., istiK, 09, ir>7). The 
mo?tt common oxide of titanium is the dioxide, TiOj , analopfous Ijo CO^ and SiO., 
It occurs more or less pure in nature as rutlle, brooltite and anatase- it is 
formed by if^-nitimi of the hyd rated titanic acid or of amtnoniuni titanate 
<Woehler, /*, ]s4y, 2r>8)* I|rnition of TiO. in dry hydrofrf?n ^ives Tl,0:t . an 
amorphous black powder, dissolving' in HJSO^ to a violet -colored solulion (Ebel- 
inen* ;l, Ch., 1H4T, {:^), 20, :wZ}. TiO is formed when TlOj is i^^nited with Mg: 
2TiO, -^ M^ = TiO H- MgTiO, (Winkler, /?., \^m, 23, 2nti0)* Other oxides have 
been r*'i»ortetL Titanic acid, TiOj, is a white powder, melts somewhat easier 
than SiO^ „ solul>le in th)» alkalis unless previously slron^ly ignited. Mixed 
with charcoal and heated iu a current of chlorine TiCli is formed. The 
bromide is formed in a sinnlar manner. TiOg acts as a ha^v, forming a series 
of stable salts; also as an tuud^ forming titanates. TlCl* is a colorless liquid, 
fuming in the air; it boils at 136,41" (Thorpe, J. T,, 18.^0, 37, TllV}: it is de- 
comi^sed by irttlvr, forming titanic acid, which remains In solution in the BCCl 
present. Solutions of most of the titanic salts, when boiled, deposit the 
insoluble mcta-litanic acid. HF dissolves tjJJ forms of titanic acid; if the 
solution be evaporated in presence of H-SO^ no T1F» is volatilised fdif=tinction 
from SiF/h Wlten eva|H(rated wiih HJ" alone, TiF^ is volatilised- Tb<* double 
pitttiii^Hhitu tittnthiuf fUmhik, K^TiF^ . formed by fusing TiO, with acid KF , ts 
Kpariugly soluble in water (lf>*i parts), readily soluble in HCl * Solutions of 
titanic salts in water or acid solutions of titanic acid are precipitated by 
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alkali hydroxides, carbonates ;infl Anlt^hiile^ as the httdrafed titnnit nrUf, insolvi- 
ble in excess of the pr<*oiiJi1uiits and in ivmnionliim sfiJts. BaCO, g'jVGS the same 
precipitate, K,Fe(CN),i kS^«*=^ ^^ rt^tldiBh-.yellow precipiiati': K,Fe(CN),» a yellow 
precipitate* Na^HPO^ preeipitatei* the tilanjuni (ihnmf CftmifhtchL tnen in the 
pref*enee of E^tixuiK HCl . An ncid solution of TiOj \vht*n ireuled with Sn or 
Zn gives a it<tf€ hhff^ to li filet voiumtiim to the solution, due to a partial tnUti'tton 
of the titanium to tjje triad condition. These eolorerl sol n lions are ^ireclpitaterl 
by alkali h;fdroxldes. carbonates and sulphides. H-,S is %vilhout action. The 
solution reduces Pe'" to Fe" ♦ Cu" to Cu\ smd salts of Hg , Ag and Au to the 
iTietalHe state; the titanium beeomin^ ajtruin the tetrad. The red nation by 3n 
or Zn takes place in presenfe of HF ^distinction from columljic acii1), Titaniuin 
compounds ftised in the flame with microeoamic salt g-ive in the reducing flame 
a j^ellow bead when hot. cooling' to reddish and violet (reduction of the tita- 
nium). With FeSO, in the reducing^ flaoie u hlood-red bend is obtained, 

§17 L TTranium. IT = 539.6 . Valence four and six. 

f^peclfie gmvdfh I^^.On'i {Zimmermnnn, A., 1862, 213, 2S5). Melts at a bright 
red heat (I'elif^'ot, A. (7i„ !S(>1), (4)» 17, :{68). Found in varkms mineralis: Its 
chief ore is pitch blentle, which contains from 40 to 00 per cent of U»Oj . 
Prepare<i by fusing TJCl^ with K or Ka f Zimmerman u. A., lHS:i, 216, i; inm, 
23i3. 27:i>. It Jms the color of nickel, hard, but softer than steel, malleable, 
permanent in the air and water lit ordji^arj temperatures^ when ignited biirnB 
with incandescence to UaO,; unites directly witli CI * Br , I and S when heated; 
soluble in HCl , H,£0« and slowly in HNOa . VromMi» o.rUU\ UOj , formed by 
ig'ju*ting the higher oxides in carlx)n or hydrogen, is a brow^n powder* soon 
turning" yeliow^ by* absorption of oxygen from the air, rrtmott^t hifdntxide ia 
formed by precipitating- urnnoiis salts with alkalis. Urmtir tt.rklr, UOn , is 
formed by heating uranic nitrate cantionaly to* So**, and upoa ignition in the 
air both this and other uranittm oxides, h.vdroxides and urnnium oxysalts with 
volatile acids are converted into IT.,0* = UO.SlTOs . I'mniiim acts as a hiise in 
two classes of salts, ttrtmou^ and urantjl siilt,H. Iranou^ t;alts are green at id ^ire 
g-reen solutions, from which alkalis precipitate uranous hydroxide, insoluble in 
excess of the alkali: alkali carlKmates precipitate ir(OH)| , soluble in 
(NHj,CO<i: with BaCOj the precipitatjon is complete even in the cold- H,S is 
without action; (NHJJS gives a dark-brown precipitate; K,Fe(CN), gives a 
reddish-brown precipitate* In their action toward oxidizing and reducing 
agents uranous and uranyl (uranic) salts resemble closely ferrous and ferric 
&a)t&: uranotis salts arc even more easily oxidised than ferrous salts, e.ff,, by 
exposure to the air, by HNO^ , CI , HClOj , Br , KMnO^ . etc. CJoUb silver and 
platinum Milts are reduced to the free metab The hexad uranium (in""!) acts 
as a base, but uHiially forms bnt^ic salts, never normal; w*e have 1X0. (NO,^)^, 
not TT(NOa)fl; UO.fiO/, not tr(SO,), , These iiasic salts w^ere formerly called 
uranic salts, but at present (UO;)" is regarded as a basic radical and called 
vraujfU imd its salts are called viranyl salts, f . j;., tTO^Clj uranyl chloride^ 
(UO,)f:{FO,), uranyl orthophosphate. Solutions of uranyl salts are yellow; 
SOH and NaOH g-ive a yellow precipitate, ura nates, K.'^jOt^ rind nLtT^^Oj , 
insotuhle in excess. Alkali carbonates give a yellow precipitate, soltible bi 
excess^ BaCO, and CaCOn give UOj . H,S does not precipitate the uranium, 
but sliiwly reduces uranyl salts to uranous salts f Forma nek. A., 180U, 257, 115), 
iHTR,)^ gives a dark-brown precipitate. K,Fe(CN), gives a red<lish-brown 
precipitate, I'.sed in the analysis and fiepnx'alinn of uranium compounds 
(Frescnins and Hintu, 7.. uttfieie.l ]805» 502), Sodium phosphate gives a yellow 
precipitate* The hexad uranium acts as an acid toward some stronger bases, 
Thris we have K.U.O^ and Ha,TJsOy , formed by precipitating uranyl f^alts with 
KOH and NaOH; compare the similar salts of the hexad chromium, K,Ct,Ot 
and Na^CTjO. . Other oxides of uranium are described, but are doubtless com- 
binations of TJO, and Ud . Zn , Cd , Sn , Pb , Co , Cu , Fe , nud ferrous salts 
reduce uranyl salts to ii canons salts. Solutions of Sa , "Bt , An , Cu , Hg^ and 
Ag are reduced to the metal by metallic tirauium fZimtnermnnn, hr.). For 
method of recovery of waste uranium compounds, see Laube iZ. nwwrr., 18S9, 
57S). 
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§172, Ytterbium. Yb = 173.2 . Yaknee three. 

Obtained its an eartjj by Martg^nac i(\ r., 187B, 87, 578) from a gatjolinite 
earth; by Delafuntaine {C. f\, 1HT8, 87, S3:i) frcini ^jfiylite found nt Amherst, Va. 
Nilson {B., 1^79, 12. 5o0: IHSO, 13, u:u) dc'^cribes? its preparation from euxenite 
and its separation fron\ Sc . It has the lo^vest baeisitj of the j'ttrium earthjs. 
The double potassiiim Ttterbium sulphate is easily soluble in water and in 
potasHinm sulphate* The oxalate forms a white crystalline precipitate^ in- 
soluble Iti water and in dilute aeitls. The salts are coloHeiS and give no 
absorption speetrum. For the spark spectrum see Welsbaeh (J/., lf«S4. 5. 1), 
The tij'idc, Tb^Oi , is a white powder, slowly soluble in cold aeids^ readily upon 
warminp-. Ttit? hj^lroMdi forms a p-eUitinous precipitate, insoluble in iTHvOff 
but soluble in SOH . It absorbs GO^ from the nir. The mtmte melts in its 
water of cryiitallization and is very soluble in water. 

§173, Yttrium. Y = 89.0 . Valence three. 

Yttrium is one of the numerous rar^ metals found in the gridolinite niineral 
at Ytterby, near Stoekholm* Sweden; also found in Colorado (Hidden and 
Mackintosh, Am. S\, ISH9, 38, 474). The metal has been prepared by electro- 
lysis of the chloride: also by heating" the oxide, YjO, , with Mg (Winkler* £r.„ 
IStO, 23, 787). The study of these rare earths is by no means eomplete. It is 
alfio claimed that they have not yet been obtained pure, but that the so-called 
pure oxides really consist of a mixture of oxides of from five to twenty eje- 
meiits (Trookes/r. .V., 1887, 65, 107, 119 and IBl). The most of these rare 
earths do not give an absorption spectrum, but g-ive chnraeieristtc spQTk spectra: 
and it is largely by this means that the supposedly pure oxides have been 
shown to be mixtures of the oxides of several closely related elements (W*;ls- 
baeh, M., 1883. 4, r>41: Dennis and Chamot, J. Am. Soc., 1897. 19. T'.ip), Yttrium 
waits are precipitated by the alkalis and by the alkali sulphides as the 
JtifdroThtf\ T(OH)-, , a white bulky precipitate, insoluble in the excess of the 
reagents (distinction from Gl). The OJride and hifflroxide are renrtily soluble 
in acids; boiling with NH.Cl eauf?es solution of the hffdtoj'ide as the chloride. 
The alkali carbonates precipitate the earliojiate Y-j(CO, )a> soluble in a large 
excess of the reagents. If the solution in ammonium carbonate be boiled, the 
hjfdroHde is precipitated* Soluble oxalates precipitate yttrium salts as the 
^vhite oxalate (distinction from Al and Ol); soluble with some difficulty in 
HCl . The double sulphate with potassium is soluble in water and in potassium 
snlphate (distinction from thorium, zirconium and the cerite metals). BaCO^ 
forms no precipitate in the eold (diistinction from Al, Fe'" . Or'" , Th . Cm ^ 
I*a , Nd and Pr). Hydrofluoric acid precipitates the ir«*l«tinous fttiftride, TF, , 
insoluble in water and tn HF . The precipitation of yttrium salts is not 
hindered by the presenee of tartaric acid (distinction from Al , CH , Th and 
Zr). Tlie analysis of yttrium usually conf^tsts in its detection aiul separation 
in gadolinite (silicate of T , GH * Fe .' Ma , C« and La). Fuse with alkali car- 
bonate, decompose with HCl , and filter from the SiO, . Xeutralize the filtrate 
and precipitate the Y, La and Ce as oxalates with (HHJX.O, . Tgnitc the 
precipitate ai^d dissolve in HCl . Precipitate the La nnd Ce as the double 
potassium sulphates, and from the flitmte preeipitafe the yttrium as the 
hydroxide with NH.OH . Ignite and weigh as the oxide. Tn' order to effect 
complete separations the operations should be repeated several timee. 
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074. Zirconium. Zr — 90.4 . Valence four . 

Zirconium is n rare metal found in various minerals, chiefly in zircon, a 
silicate; never found native. The metal was first prepared by Berzelius in 
1824 by fusion of the potassium jJEireoninm fluoride with potassium {Pum.y 18S5* 
4, 117). Also prepared by electrolysis of the chloride (Beequerel, A, Cfi., 1831, 
48, ?.:17). The metal exists in three modifications: erystalline, graphitoidal and 
amorphous. Th^i amorphous zirconium is a velvet-black pow*der, burning when 
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heated in the air. Acids attack it slowly even when hot, except HF . which 
dissolves it in the cold* It forms but one o*:»de» ZrO^ . aualoiroii!^ to fiiO. and 
TiOj . ZrO, is prepared from the mineral zircon by fasion witli a fixed 
alkali* Digestion in water removoe the most of the silicate, leaving tlie 
tiiknd iin'imtitr as a sandy powder. Digestion with HCl precipitates the last of 
the BlOa and dissolTes the zirconate. The solution is neutralized, Htrongly 
diluted and boiled; whereupon the zirconium precipitates as the basic chloride 
free from iron. Or the zirconium may be precipitated by a saturated fioltition 
of K^SO^ . and after resolution in acids precipitated by ITHiOH and ig^mted 
to ZrOj (Berlin, J. pr., 1853, 58, lAhi Romhim,. C. C !8S9, 533). ZrO, is a white 
infusible powdcn gi^ing^ ont an Intense white ll^ht when heated; it shows no 
lines in the spectrum. It is m«ch used with other rare earths, La^Oi , YjO. , 
etc.» to form the mmiiim u^ed In the WeUM^h fjft^t-burner^ (Dross bach, C, C»^ 
1891, "772; Welsbach, J., 1887, 2670; C. .V„ 18ST, 55, 192). The oxide (or hydroxide 
precipitated hot) dissolves with difficulty in acids to form salts. The hifttroxide, 
ZrO{OH)j , precipitated in the cold dissolves readily in adds. As an atH^^ 
zirconium hydroxide* ZrO(OH)t ^ H:,ZrO;i , forms zirconutes, decomposed by 
acids. As a ha»e it forms zirconinm salts with acids. The Bttlphtite is easily 
moUible in water, erystallizing' from solution with 4HjO . The phmjihate is 
insoluble in water, formed by prefipitatiou of zirconium salts by NanHPO^ or 
H,PO, • The siUeate, ZrO^.SiO^ , i^ found in nature as the mineral zircon, 
usually containing- traceis of iron. Zh*ff}fHHm ehforldf is formed when a current 
of chlorine is piissed over heated ZrO, , mixed with churcoal. It is a white 
golid, may be sublimed, is soluble in water. Solutions of zireoulum salts are^ 
precipitated as the hydroxide, ZrOlQH)^ , by alkali hydroxides and sulphides, 
a white flocculent precipitate, insoluble in excess of the reagents, insoluble in 
I7H,C1 solution (difference from Ol). Tartaric acid prevents the precipitation. 
Alkali carbonated precipitate basic zirconium carbonate, white, soluble In 
excess of KHGOi or (NHO^COat boiHuR- precipitntes a g-elatinous hydroxidje- 
from the latter solution. BaCO, does not precipitate Hrconium salts com* 
pletely, even on bnilin??. Tlie precipitates of the hydroxide and carbonate are 
soluble in acids. Oxalic acid and oxalates precipitate zirconium oxalate, solu- 
ble in excess of oxalic acid on warming, and soluble in the cold in fKH/),C,0* 
(difference from thoHuni); soluble in HCl. A saturated solution of K.SOt 
precipitates the dmible pat ami urn zin'fmhim j<Hlj}ftiiti\ white, insoluhle in excess 
of the reagent if precipitated cold, stduble in excess of HCl: if precipitated 
hot, almost absolutely insoluble in water or HCl {distinetton from Th and Ce), 
Zirconium salts are precipitated on warming- with Na^S.Oi (separation from 
T» Nd and Pr), Solution of HjO^ completely precipitates zirconium salts. 
Tumerif' paper moistened with a solution of zirconium salt and HCl is colored 
ftmnfje upon drying- (boric acid fjfives the same reaction) (Brush, -/. ;>r„ 1854, 
62» 7). HF does not precipitate zirconium solutions, us zirconium fluoride, 
Zrr^ , is soluble In water and in HF (distinction from Th. and Y). 



I -„.,.- 

at ordinary temperatures — forming alkaline earths— and decompose water^ 
forming hydroxides with evolution of heat Mg oxidizes rapidly in the air 
when ignitedj decomposes water at 100*', and its oxide — in physical proper- 
ties farther removed from Ba , Sr , and Ca than these oxides are from each 
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other — slowly unites with water without sensible production of heat. As 
compounds, these metals are not easily oxidized beyond their quantivalence 
as dyads, and they require very strong reducing agents to restore them 
to the elemental state. ■ 

§176. In hasic power, Ba is the strongest of the four, Sr somewhat 
stronger than Ca, and Mg much weaker than the other three. It will be 
observed that the solubility of their hydroxides varies in the same decreas- 
ing gradation, which is also that of their atomic weights; while the 
solubility of their sulphates varies in a reverse order, as follows: 

§177. The hydroxide of Ba dissolves in about 30 parts of water; that of 
Sr, in 100 parts; of Ca, in 800 parts; and of Mg, in 100,000 parts. The 
sulphate of Ba is not appreciably soluble in water (429,700 parts at 18.4°; 
Hollemann, Z. phys. Ch., 1893, 12, 131); that of Sr dissolves in 10,000 
parts; of Ca , in 500 parts; of Mg , in 3 parts. To the extent in which they 
dissolve in water, alkaline earths render their solutions caustic to the 
taste and touch, and alkaline to test-papers and phcnolphthalein. 

§178. The carbonates of the alkaline earths are not entirely insoluble 
in pure water: BaCO„ is soluble in 45,566 parts at 24.2° (Hollemann, 
Zeit. phys. Ch., 1893, 12, 125); SrCO, in 90,909 parts at 18° (Kohlrausch 
and Rose, Zeit. phys. Ch., 1893, 12, 241); CaCOg in 80,040 parts at 23.8° 
(Hollemann, /. c); MgCOj, in 9,434 parts (Chevalet, Z., 1869, 8, 91). The 
presence of NH^OH and (NH4)2C03 lessens the solubility of the carbonates 
of Ba , Sr , and Ca , while their solubility is increased by the presence of 
jrMfCl . MgCOs is soluble in ammonium carbonate and in ammonium 
chloride, so much so that in presence of an abundance of the latter it is 
not at all precipitated by the former, t. e. {irK^).^CO^ does not precipitate a 
solution of MgCls as the NH^Cl formed holds the Mg in solution. 

§179. These metals may be all precipitated as phosphates in presence 
of ammonium salts, but their further separation for identification or esti- 
mation would be attended with difficulty (§146 and //.). 

§180. The oxalates of Ba, Sr, and Mg are sparingly soluble in water, 
oalcium oxalate insoluble. Barium chromate is insoluble in \TOter (§§27 
and 186, 5r), strontium chromate sparingly soluble, and calcium and mag- 
nesium chromates freely soluble. 

S181. Ill qualitative analysis, the group-separation of the fifth-group 
metals is effected, after removal of the first four groups of l)afes, by 
precipitation witli carbonate in presence of ammonium chloride, after 
which magnesium is precipitated from the filtrate, as phosphate. 

§182. The hydroxides of Ba, Sr, and Ca, in their saturated solutions, 
necessarily dilute, precipitate solutions of salts of the metals of the first 
four groups and of Mg , as hydroxides. In turn, the fixed alkalis precipi- 
tate, from solutions of Ba , Sr , Ca , and Mg , so much of the hydroxides 



§186,4. BARIUM 205 

of these metals as does not dissolve in the water present ♦; but ammonium 
hydroxide precipitates only Mg , and this but in part, owing to the solubility 
of Hg(0H)2 in ammonium salts. 

§183. Solutions containing Ba , Sr , Ca , and Mg , tcith phosphoric^ oxalicy 
boric, or arsenic acid, necessarily have the acid reaction, as occurs in dis- 
solving phosphates, oxalates, etc., with acids; such solutions are precipi- 
iated hij ammonium hydroxide or by any agent which neutralizes the solu- 
tion, and, consequently, we have precipitates of this kind in the third 
group (§146 and ff,): 

CaCl, + H,PO, + 2irB,0H = CaHPO^ + 2irB,Cl + 2H,0 
CaH,(PO0, + 2NH,0H = CaHPO, + (NHJ^HPO^ -h 2H,0 . 

If excess of the ammonium hydroxide be added the precipitate is Cas(P04)2. 
In the case of a magnesium salt the precipitate is HgNH^FO^ . 

§184. The carbonates of the alkaline earth metals are dissociated by 
heat, leaving metallic oxides and carbonic anhydride. This occurs with 
difficulty in the case of Ba . 

§186. Compounds of Ba , Sr , and Ca (preferably with HCl) impart char- 
acteristic colors to the non-luminous flame, and readily present well-defined 
spectra. 



§186. Barium. Ba = 137.40 . Valence two. 

1. Properties.— »^'/)rri7?r fjravity, 3.75 (Kern, C. X., 1875, 31, 243); melting point, 
above that of cast iron (Frey, .4., 1876, 183, 368). It is a white metal, stable in 
dry air, but readily oxidized in moist air or in water at ordinary temperature, 
hydropren bein^ evolved and barium hydroxide formed. It is malleable and 
ductile (Kern. Lc). 

2. Occurrence. — Barium can never occur in nature as the metal or oxide, or 
hydroxide near the earth's surface, as the metal oxidizes so readily, and the 
•xide and hydroxide are so basic, a]>sorbinpf acids readily from the air. Its 
most common forms of occurrence are heavy spar, BaSO^ , and witherite, 
BaCO, . 

3. Preparation. — (!) By electrolysis of the chloride fused or moistened with 
stronpr HCl . {2) By electrolysis of the carbonate, sulphate, etc., mixed with 
Hg and HgO , and then distillin/ir the amalfjam. (.?) By heating the oxide or 
various salts with sodium or potassium and extractinpf the metal formed with 
mercury, then separating- by distillation of the amaljram. 

4. Oxides and Hydroxides. — The oxide, BaO , is formed by the action of heat 
upon the hydroxide, carbonate, nitrate, oxalate, and all its orprnnic salts. The 
correspondinpr hydroxide. Ba(OH).. , is made by treating" the oxide with water. 
The peroxide, BaO. , is made by heatinpr the oxide almost to redness in oxyjren, 
or air which has been freed from carbon dioxide: ])y heatinp the oxide with 
potassium chlorate (Liebif^. /*or/.^/., 1832, 26, 172) or ciipric oxide (Wanklyn. B., 
1874, 7, 1020). It is used as a source of oxypen, which it pfives off at a white 
heat. BaO remaining-; also in the manufacture of hydrog-en peroxide, H3O3 , 
which is formed bv treat inpr it with dilute acids: BaO^ -f 2HC1 = BaCl, + 
H2O, . 

* Tho presence of an excess of fixed alkali renders these hydroxides much less soluble, the 
hJjrh coDcontratlon of the hydroxyl ions, one of tho factors of the solubility product, dirainish- 
InjT tho other factor. ($45). 
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5. Solubilities. — a, — Metal. — Metallic barium is readily soluble in acids with 
evolution of hydrogen. 6. — Oxides and hydroxides, — Barium oxide is acted upon 
by water with evolution of heat and formation of the hydroxide, which is 
soluble in about 30 parts of cold water and in its own weight of hot water 
(Rosenstheil and Ruehlmann, J., 1870, 314). Barium peroxide, BaO, , is very 
sparingly soluble in water (Schone, A,, 1877, 192, 257); soluble in acids with 
formation of HjO, . 

c, — Salts. — Most of the soluble salts of barimn are permanent; the 
acetate is efflorescent. The chloride, bromide, bromate, iodide, sulphide, 
ferrocyanide, nitrate, hypophosphite, chlorate, acetate, and phenylsul- 
phate, are freely soluble in water; the carbonate, sulphate, sulphite, 
chromate* phosphite, phosphate, oxalate, iodate, and silico-fluoride, are 
insoluble in water. The sulphate is perceptibly soluble in strong HCl . 
The chloride is almost insoluble in strong hydrochloric acid (separation 
from Ca and Mg) (Mar, Am. 8., 1892, 143, 521); likewise the nitrate in 
strong hydrochloric and nitric acids. The chloride and nitrate are insolu- 
ble in alcohol. 

6. Beactions. a. — The fixed alkali hydroxides precipitate only con- 
centrated solutions of barium salts (56). No precipitate is formed with 
ammonium hydroxide (§46). The alkali carbonates precipitate barium 
carbonate, BaCOg , white. The- precipitation is promoted by heat and 
by ammonium hydroxide, but is made slightly incomplete by the presence 
of ammonium salts (Vogel, J. pr., 1836, 7, 455). 

Barium Carbonate — BaCOs — is a valuable reagent for special purposes, 
chiefly for separation of third and fourth group metals. It is used in the 
form of the moist precipitate, which must be thoroughly washed. It is 
best precipitated from boiling solutions of barium chloride and sodium or 
ammonium carbonate, washed once or twice by decantation, then by filtra- 
tion, till the washings no longer precipitate solution of silver nitrate. 
Mixed with water to consistence of cream, it may be preserved for some 
time in stoppered bottles, being shaken whenever required for use. When 
dissolved in hydrochloric acid, and fully precipitated by sulphuric acid, 
the filtrate must yield no fixed residue. This reagent removes sulphuric 
acid (radical) from all sulphates in solution to which it is added (e): NagSO^ 
+ BaCOs = BaSO^ + NajCOa . When salts of non-alkali metals are so 
decomposed, of course, they are left insoluble, as carbonates or hydroxide^, 
nothing remaining in solution: 

FeSO« -f- BaCO, = BaSO« + FeCO, 

Fe^CSOJ, -I- 3BaC0, + 3H3O = 3BaS0« -|- 2re(0H)g + 300, 

The chlorides of the third group, except Fe" , are decomposed by barium 
carbonate; while the metals of the fourth group (zinc, manganese, cobalt, 
nickel), are not precipitated from their chlorides by this reagent. Tartaric 

•Kohlrauscb and Rose, Z. phys. CTi., 1893, 12, 241 ; Schweitzer, Z., 1890, 29, 414. 
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aeidj citric acid, sugar, and other organic sub&tancea^ hinder or prevent 
the decomposition by banuni carbonate. 

b. — Aminoiiium oxalate precipitates barinni oxalate, BaOjO^ , from soTiitiona 
of barium Kalts, sparitijpfly aoliible in water, more soluble In presence of am- 
monium ehJoride: eojubie io oxalic and acetic acids (Souchay and Leusseo, A.^ 
1856,99. ati), 

r.— Solutions of barium salts are precipitated by the addition of concentrated 
iiltric acid i^c), <f, — f^oluble phosphates, full metal lic\ or two-thirds nietnllic, 
8s NajHPOi , precipitate barium phosphatet white, eonsit^tinpr of BaHPO* 
"When the reagfent is two-thirds metallic, and Ba,(!PO,)s when the re^pfent is 
full metalUe. Soltible phosphltas precipitate btirluni Rults, hypophosphites do 
not. e. — Harinm snlphide is not formed In the wet w^ay, he nee hydroaulphuric 
add and soluble sulphides are without action upon barium salts. Soluble 
Bulphltes precipjtnte solutions of barium salts na barinm sulphite, BaBOj , in- 
soluble in water but solnble in hydrochloric acid (distinction from sulphates). 

Stilphurlc acid, H.SO^ , aiid all soluble anlphateSt precipitate harium 
snlphair (BaSOJ, white, slightly ssolubh^ in hot oonocntrated sulphuric 
acid. Immediak precipitation by the (dilute ^88, 5(*) satnratcd solution 
of calcium sulphate di&tinguiifihes Ba from Sr (nnd of course from Ca); but 
precipitation by the (vi^ry dilute §187* ^^c) solution of strontium sulphate 
is a more certain test between Ba and Sr . BaSO^ is not transpos^ed by 
eolutione of alkali carbonates (distinction from Sr and Ca, §188, Ba foot- 
note). 

f.— Solutions uf lodatas, as WalO^j , precipitate, from barium sohttions not 
very dilnte, barium iodate, Ba(IO, )^, white, soluble in 000 parts of hot or 
174G parts of cold water (distinction from the other alkaline earth metals). 
//.^Xeutral or ammoniacal sohitious of arsenous acid do not precipitate barium 
salts {distinction from cnlcinm). Sohible arsenates precipitate soltitions of 
barium salts, soluble in acids, including arsenic acid. 

h, — Soluble chromateSf tis K_.CrO^ , precipitate solutions of barium salts 
aa Ijarium chromalej BaCrO^ . yellow; almost insoluble in water (separa- 
tion from calcium and from strontium except in coheentrated Bolntions)^ 
sparingly soluble in acetic acid, moderately soluble in chromic acid and 
readily soluble in hydrochloric and nitric acids. Biehro mates, as KXr^O^ , 
precipitate solutions of barium salts (better from the acetate) m the 
normal chromate (%*ery accurate eeparation from strontium and calcmra) 
(Grittner, Z. angew., 189S, 73), 

f.— riuosilicle acid, H,Sil*« , precipitates white, crystalline harium flno- 
silicate, BaSlF« . sli|,'htly sol able in water (1-4000), not sol n hie in alcohol 
(distinction from strontium and calcium). If an e<jual volume of alcohol be 
added the precipitation is complete, suJphuHc acid not giving a precipitate Id 
the filtrate (Freseniuss, Z., 1890, 09, 143). 

7, Ignition. -^T he volatile salts of barium as the chloride or nitrate impart a 
yellowish -ixreen color to the flame of the HunBcn hnrner, appearing' bine -when 
viewed through a |*Teen jrlass. The spectrum of barium ts readily distin^ished 
from the spectra of other metals by the preen bands Ba«, ii and > . Barium 
carbonate \^ very stable when heated, requiring a very hi^h beat to decompose 
it into B&O and CO^ . 
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B. DetectiDa. — In the filtrate from the fourth group, barium is precii>i- 
tated with strontium and calcium m the carbonate by ammonium car- 
bonate. The white precipitate (well washerl) in rliasolved in acetic aehl 
and the barium precipitated with KXr.O: as BaCrO^ which separates it 
from strontium and calcium. The barium is further identified by tht* 
non-solubility of the chromate in acetic acid^ the solubility in hydrochloric 
acid, and precipitation from this solution by sulphuric acid. It may also 
be confirmed by the color of the flame with any of the volatile salts (7) 
(not the sulphate)- 

9. Eatimation-— Barium ia weighed as a siilphate (FreaeTihis and Hurtz, Z. 
antjew., lM9iK Si5:t), carbonate or auosillcate (BaSir^). It is separated from 
strontium and cMk-ium* (/) By digesting- th*» mixed sniphatps at ordinary teni* 
peratiirtfs for 12 hours with ammonium carbonate. The taldtira rind strontium 
are thus ftm verted into carbonates, which are separated from the baritim 
sulphate by dissolviup- in hydrochloric acid, (i) Uy hydrofiuoellicic acid. 
{3} By rt*peated precipitation as the chromate in an acetate Kolution. 

It ifi separated from calHtim by the sohition of tbe nitrate of the latter in 
amyl alcohol (|18fi, 9). The hydroxide and carbon at es are also determined by 
alkalimetry, Volumetrieanj'- it 1^ precipitated as the ehromate, thorotjghly 
washed, dij^solved in dilute HCl aucl tbe CrVi determined by HsO, (Bauoiann, 
Z. onffeit., 1801, 3;il). 

10. Oxidation.- Barium compounds are reduced to tbe metal when heated 
with Na or K (:t), BaOa oxidizes MnCl, to l£ii,Oa (Spring and Lucion, BL, 
1S90. (3), 3, 4). 



§187, Strontinm. Sr = 87,60 , Valence two. 

1. Properties,— .S7KW/7r fmftiiff. -.^ (Franz* ./, pn, iHm, 107, 254), Meliii at a 
moderate red heat and Ik not volatile when heated to a full red. It ir a " brai^- 
yeUow '* metal, malleable and ductile. It oxidizeK rapidly when exposed to 
the a in and w-hen heated in the air burBSi as doea barium, with intense 
illumination (Franz, L f?,), 

2. Occurrence. — Strontium occurs cbiefly in strontianite* SrCO^ , and in 
celestiue, SrSO^ . 

3. Preparation.— First isolated in 1?*0S by Davy by electrolysis of the hydrox- 
ide (Tnuis. Roifol Sor,, 3-15). It is made by electrolysis of the chloride ^Frey, 
A.^ lB7e, 183, 367): by hcating^ a saturated solution of SrCl,. 'ivith sodium 
amalp^n^ and distilllup- off the mercury (Franz* L r.): by hcatinf^ the oxide with 
powdered majruesium the metal is obtained mixed witb MgO (Winkler, B., ISflO, 
23, 125). 

4. Oxides and Hydroxides.— Strontium oxide, SrO , is formed by iprnitin^ the 
hydroxide, carlKUiiile (greater heat required than with tnU-ium eartaouate), 
nitrate and all orf^ninie strontium salts. The hydroxide, Sr(OH), , is formed 
by the action of water on the oxide. The peroxide, SrO..NHjO , is made by pre- 
cipitating the hydroxide with HaO.: at 100° this loses water and becomes SrOj , 
a white powder. meltiu|f at a red heat, used in bleaching works (Conroy, 
J. Sac. Infi.. lf^92. 11, H12). 

.1. Solubilities.— n.^-lfrf fir^^Rtront J um decompose.^ water at nrdiunry tem- 
perature (Winkler, f. t\), it is soluble In acids with evolution of hydroR-en. 
h^^0.rMfs and hffdroxitfri^, — The oxide. SrO, is soluble in about lOO parts water 
at ordinary temperature, and in about fi\^e parts of boilmp" water formius- the 
hydroxide (Seheibler, Neite ZeitHrhrift fur Ruehenziteker, lB8t, 49, 257). Tbe 
percixide is scarcely soluble in water or in ammonium hydroxide, soluble in 
acide and iu ammonium chloride. 
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e. — Salts. — The chloride is slightly deliquescent : crystals of the nitrate 
and acetate efHoresce. The chloride is soluble, the nitrate insoluble in 
absolute alcohol. The nitrate is insoluble in boiling amyl alcohol (§188, 
or). The sulphate is veiy sparingly soluble in water (1-10,090 at 20.1'') 
(Hollemann, Z, phys. Ch., 1893, 12, 131); vet sufficiently soluble to allow 
its use as a reagent to detect the presence of traces of barium. T..ess soluble 
in water containing ammonium salts, sodium sulphate, or sulphuric acid 
than in pure water; quite appreciably soluble in HCl or HNO, ; insoluble 
in alcohol. Strontium duosilicate is soluble in water (distinction from 
barium). The chromate is soluble in 831.8 parts water at 15° (Fresenius. 
Z., 1890, 29, 419); soluble in many acids including chromic acid; and more 
soluble in water containing ammonium salts than in pure water. 

6. Beactions. a. — The fixed alkalis precipitate strontium salts when 
not too dilute, as the hydroxide, Sr(OH)o , loss soluble than the barium 
hydroxide. Xo precipitate with anunoninm hydroxide. The alkali car- 
bonates precipitate solutions of strontium salts as the carbonate. Stron- 
tium sulphate is completely transposed on boiling with a fixed alkali car- 
bonate (distinction from barium, §188, ^a footnote). 

ft. — Oxalic add and oxalates precipitate strontium oxalate, insoluble in 
water, soluble in hydrochloric acid (Souchay and Lenssen, A., 1857, 102, 35). 
e. — The solubility of strontium salts is diminished by the presence of con- 
centrated nitric acid, but less so than barium salts. </. — In deportment with 
phosphates, strontium is not to be distinguished from barium. 

e. — See Ge, §§186 and 188. Sulphuric acid and sulphates (including 
CaSOf) precipitate solutions of strontium salts as the sulphate, unless 
the solution is diluted beyond the limit of the solubility of tlu» precipitate 
{he), A solution of strontium sulphate is used to detect the presence of 
traces of barium (distinction from strontium and calcium). In dilute 
solutions the precipitate of strontium sulpliatc forms very slowly, aidtMl 
by boiling or by the presence of alcohol, prevented by the presence of 
hydrochloric or nitric acids {oc). It is almost insoluble in a solution of 
ammonium sulphate (separation from calcium). 

/. — The halides of strontium are all soluble in water and have no application 
in the analysis of strontium salts. Stronpr hydrochloric acid dissolves str(»n- 
tium sulphate, but in g-eneral diminishes the solubility of strontium salts in 
water, (j. — Neutral solutions of arsenites do not ])recipitate strontium salts. 
the addition of ammonium hydroxide causes a precipitation of a portion of the 
strontium. Arsenate of strontium resembles the correspondinj*" barium salt. 
Alkaline arsenates do not preeii)itate strontium from solution of the sulphate 
(distinction from calcium, §188, 0</). 

A. — Normal chromates ])rocipitate strontium chromate from solutions 
not too dilute (.V), soluble in acids. In absence of barium, strontium 
may be separated from calcium by adding to the nearly neutral solutions 
a solution of KoCrO^ plus one-third volume of alcohol. The calcium 
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chromate is about 100 times as soluble ag the strontium chroma te (Fi\- 
senilis and flubbert, Z., 1891, 30, 672). No precipitate is formed with 
potassium bichromate (separation from barium), 

i,— Eluosilicic aeid does not precipitate strontium salts even from quite 
concent nit(?d solutions, as the strontium fluosilieate is fairly Bohible In cold 
water and more so in the presence of hydroeliloric acid (Fresenius* Z*, 1890* 
29, 143). 

7. Ignition* — Volatile strontium compounds color the flama rrintAim, In prcB- 
ence of burium the crimson color appears at the moment when the anbstnnoe 
(mois^tcned with hydrochloric ucid, if a uon-volatile com^jound) is first bronirht 
into the flame. The paler, yellowish-red f!ame of calcium is liable to be mis- 
taken for the wlrontium flam^. The spectrutn of strontium is characteriasi-d 
by eiirht bright bands; namely-, bIx red» one orani^e and one blue. The orange 
line Sr «, at the red end of the spectrum; the two red lines, Sr ji and Sr >, 
and the t>lue liiie» Sr iJ , are the most important. 

8. Detection.^ — Strontium h precipitated with barium and calcium from 
the filtrate of the fourth group by ammonium carbonate. The well washed 
precipitate of the carbonates h dissolved in acetic acid and the barium 
removed by KMT^O^ . The strontium and calcium are separated from the 
excess _of chromate by reprecipitatioD with (ira^)XO,j . The precipitate is 
again dissolved in HC^H^O^ and from a portion of the solution the stron- 
tium is detected by a solution of CaSO^ {6f). The flame test (7) is of value 
in the identification of strontium, 

0. Estimation.— Strontium is weighed as a aulphate or a carbonate. The 
hydroxide and carbonate may be determined by alkalimetry- It is separated 
from rak'ium: (/) By the insolubility of its sulphate in amnion Him snlpbate. 
{2\ By boiling the nitrates with aniyl alcohol (S188, 'J)- i*i} Tiy treuiing the 
nitrates with equal vobime of absolute alcohol and ether (8188, U)* For 
separation from barium see 1186^ Q. 



§188. Calciuiii. Ca = 40.1 . Valence two, 

1, Propertiee.— ^V/*fn7?r tjmrU}f, iSy to 1.8 (Caron, C. r,, l%m, 50, 547), M^Uimg 
paint, at red boat (Matthiessen, A., 1855, 93, 2H4). A white metal having- very 
much the appearance of aluminum, is neither dut^tile nor malleable ( Frey, A., 
1870, 183, 367). In dry .lir it is quite stable, in moist air it burns with 
incandescence, as it does also with the halog^ens. It dissolves in mercury, form- 
injf an amalgam, 

2. Occurrence,^ Found in the mineral kitigdom as a carbonate in marble, 
limestone, chalk and arragonite; as a sulphate in i^yps^um, selenite, alabaster, 
etc.; as a fluoride in fluor-spar; as a phosphate in apatite, phosphorite, etc. 
It is found as a phosphate in boaea: In efrf^-shells and oyster-shells as a car- 
bonate. It is found in nearly all spring and river waters. 

3. Preparation.^ — (f) By ignition of the iodide with sodium in closed retorts 
(Dumas, f. r., 185B, 47, 57.>). (2) By fusion of a mixture of WO parts fused 
CaOl^ , 400 parts granulated zinc and 100 parts Na until xinc vnpor is given 
olf. From the CaZn iiHoy thus obtained the zinc is removed b,v distillation in 
a prraphite crucible (Caroii, t. f^,), (S) By electrolysis of the chloride (Frey. /. r,), 
U) By redncinir the oxide, hydroxide or carbonate with magnesium (Winkler, 
B., IgBO, 23, 1^2 and 2642), 

4, Oxides and Hydroxides,— The oxide, CaO . is a strong- base, non-fusible, 
non-volatile: it is formtjd by oKldatiou of the metal iu air; by ignition of the 
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hydroxide, the carbonate (limestone), nitratt\ and all or^nie ealchim salts. 
The cor respond Id If bydroxide, CJa(OHj, (slaked lime}, la made by treating the 
oxide with water. Hh iifiefulnets when combined with stind, iimliiti^ niortar, 
1b too well kriown to need any description here. The pernxiUe, CaO:;.HHjO ♦ is 
mnde hy ailtUniX bydrn^^en peroxide or sodium peroxide to the hydroxide: 
Ca(OH), + H,0, ^ CaO, + 2H,0 (Conroy, /. SfH\ Ind., isyo, 11, hos).' Drying- 
at ViO° nMnoves all the wjiter^ leGvinp- a w^bite powder* C31aOn , whieh at a reil 
heat lose^ haif its oxygen (Schoene, A,, 1H77, 1©2. 257). It eannot be made by 
heatinp the oxide in oxygen or with potas&inm chlorate (§186» 4)* 

5. Solublliti««-— Hh-— Afe/fi?. — Cnicrum Is soluble in acids with evolution of 
hydrog-en; it decomposes water* evolving- hydrogen and forming CalOH), . 

h.-^Oxidt and kpdroxide^—QM combinee with dilute acicb forming cor- 
responding salts, it absorbs CO^ from the air becoming CaCO^ .* In moist 
air it becomes Ca(OH)^ , the reaction takes place rapidly and with increase 
of volume and generation of much heat in presence of ahuudanee of 
water. The hydroxide, Ca(OH)., is soluble in acids, being capable of 
titration with standard acids. It is much less soluble in water than 
barium or strontium hydroxides (Lamy, C. r., 1878, 86, 333); in 806 parts 
at 19.5" (Paresi and Rotnndi, B., 1874, 7, 817); and in 1712 parts at 100^ 
(Lamy, h c.). The solubilit}^ deereasci^i with increase of temperature. In 
saturated solntiom one part of the oxide k found in 744 parts of water 
at 15** (Lamy, L €.). A clear solution of the hydroxide in water is lime 
water (absorbs CO^ forming CaCO,), the hydroxide in suspension to a 
greater or less ereamj consist eney iB milk of lime. 

c, — SaUs, — The chloride^ bromide, iodide, nitrate, and chlorate are 
deUquescent : the acetate is efflorescent. 

The carbonate, oxalate, and phosphate are insoluble in water. The 
chloride^ iodide, and nitrate are soluble in aleohoL The nitrate is soluble 
in L87 parts of equal volumes of ether and alcohol (FreseniuSj Z.^ 1893, 
32, 101); readily soluble in^boiling aniyl alcohol (Browning, Am. 8,, 189*^, 
148, 53 and 314) (separation from barium and strontium). The carbonate 
is soluble in water saturated with carbonic acid (as also are barium^ stron* 
tium, and magnesium carbonates), giving hardness to water. The oxalate 
is insohible in aeetie acid, soluble in hydroehlorie and nitric acids. The 
snlphile is soluble in obout 500 parts of water f at ordimiry temperature, 
the solubility not varying much in hot water until above 100"^ when the 
solubility rapidly decreases* Its solubility In most alkali salts is greater 
than in pure water. Ammonium sulphate (1-4) requires 287 parts for the 
solution of one part of CaSO^ (Fresenius, Z*, 1801, 30, r>93} (reparation 
from Ba and Sr), Readily soluble in a solution of NaaS.O;^ (separation 
from barium sulphate) (Diehl, J. pr,, 1800, 79, 430). It is soluble in 60 
parts hydrochloric acid, 6.1^ per cent at go*^, and in 21 parts of the same 



• Dry CuO does not abeorb dry CO, or BO, below mr. fVel<*y, J. C. im^ CI, SSI). 

K<yh\.m\xmh and Bo$e, Z, phm, Ch„ W^ 12, ^U ; liaurH^riatraucb. M.> IW^ a^ 56ff), 
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acid at 103** (Lunge, J, Soc. Ind., 1895 14, 31). The chromate is snhible 
in 2143 parts water at 14^ (Siewert, J., 18G?, 140); in dilute alcohol it is 
rather more soluble (Fresenius, I c., page 672); very readily soluble in 
acids including ehromic aeitl. 

6. Eeactioiis< a. — Th(.* fixed alkali hydroxides precipitate solutions of 
calcium salts not haying a degree of dilution beyond the solubOity of the 
calcium hydroxide formed {^h), i. f, potasBium hydroxide will form a 
precipitate with calcium sulphate ^ince the sulphate requires less water 
for its solution than tht^ hydroxide (Si and e); also the calcium hydroxide 
ie le.^s soluble in the alkaline solution than in pure water. Ammonium 
hydroxide does not precipitate calcium saltis. The alkali carbonates pre- 
cipitate calcium carbonate, GaCOji , insoluble in water free from carbon 
dioxide, decomposed by ncnh. Calcium Bulphate is completely trans- 
posed upon digestion with an alkali carbonate * (distinction from barium). 
Calcium hydroxide, Ca(OH)^, is used as a reagent for the detection of 
carbon dioxide (56 and g228i 8). 

i.^AIkali oxalates, as (NH4)2C20^ , precipitate cnkium oxalate, GaC^^O^ , 
from even dilute solutions of calcium salts. Tlie precipitate is scarcely at 
all soluble in aceiic or oxalic acids (separation of oxalic from phosphoric 
acid (§315), but is soluble in ht/drochhric and nitric acids. The pre- 
cipitation ia hastened by presence of ammonium hydroxide* Formed 
slowly, from very dilute solutions, the precipitate h crystalline, octahcdrnl. 
If Sr or Ba are possibly present in the solution to be tested (qualitatively), 
an alkali sulphate must first be added, and afler difjBsiintj a few mututeSj. 
if a precipitate appears, SrSO^ , BaS04 , or, if the solution was concentrated, 
perhaps CaSO^ , it is filtered out, and the oxalate then added to the filtrate. 
If a mixture of the salts of barium, strontium, and calcium in neutral or 
alkaline solution be treated with a mixture of (HH^j^SOj and (NH/jX^O^ , 
the barium and strontium are precipitated as sulphates and the calcium as 
the oxalate: separated from the barium and strontium on addition of 
hydrochloric acid (Sidersky, Z., 1883, 22, 10; Bozomoletz, /?„ 1884, 17, 
1058), A solution of calciiun chloride is used as a reagent for the detec- 
tion of oxalic acid (g227, 8). 

In BolutiOHB of calc^itiin salts contoining- a fitrong- excess of ammonium 
chloritle, potassium ferrocyanide precipitates th^ calcium (distinction from 
barium and Btrontium) (Baubigny, B/„ 1895, (3). 13, 320), 



• Here experiment shows that for equlllbrlatn the %0^ ions must be pi^sent la solution in hkTg^ 
exoesB of CQa Ions, With stroatinm also ao excess of SO* Ions ii required* although not so 
ffreat lu* in the ca^o of calcium. For barium, however, eiiuUlbrtum demaadi^ thAt tho concen- 
timtion of COa tons execKsd that of lO^. This oondltioa is already fulflllod when an alkali car- 
boaate is added to B«8ll« and the ri^ fore ao chanifu takt^s plaice in this case, whllo in the others 
the sulphate is transfornied into carbonate. It is Importaol to notice that the relative 0r ab- 
solute quantities of ftoi 1(1 carliotiato anrl sol phut o prr»^int do not atfeot the equilibrium^ whioh 
£■ determlnea solely by the subst«neefl In solution (|ft^, fle, footnotes 
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0.— See 5^. iL — By the aPtion of alkali phoRphtitent so In t Ions of ealctum nre 
not clisti n gf 111 Jill ed from sohitiotis of barium or stroritlum* 

v. — J^urt* Bodiiim sulphide* Na.jS , p-ives an nbumUmt precipitate with rtilckira 
salts: even with CaSO, . The precipitate ik Ca(OH),: CaCl, + 2Na^S + t2H,0 = 
G&(OH}. -f SNaCl -h SNftHS . The aeid sulphifl*?, KaHS , iloes not precipitate 
caleiuin salts (Pelouze, A. TA., 18*56, (4)* 7, lilt). Alkaii sulphites precipitate 
calcium sulphite, nearly insoluble in water, soluble in hydrochloric, nitric or 
sulphurous ackl; barium and strontium salts act (similarly. 

Sulphuric acid and soluble iidphates precipitate calcium &alta as CaSO^,, 
distinguished from barium by its Bolubility in water and in hydrochloric^ 
acid; from bariuni and sirontium by its solubility in ammonium sulphate 
(5f). A water solution of calcium Bulphate is used to detect strontitina 
after barium has been removed ae a chromate. Obviously a t^olution o£ 
strontium sulphate will not precipitate calcium salts. 

f.— Calcium cMoride, fused, ip much used as ii dryinpr n^nt for Bollds, liquids 
and gases, Cblarinated llme> calcium hypoehlorite. Ca(C10)j (Kingi^ett, J, V,^ 
lxS7fj, 28, 404), is much used aa a bleaehiti|jr agent and as a disinfectant, ff,^ 
Neutral or ammoniacal solutions of aracnltes furm a precipitate with calcium 
salta (distinction from barium)* A solution of calcium salts includinj^ Bohi- 
tiona of calcium sulphate in ammoniacal solution is precipitated by araenic 
acid as CaNH^AsO, I distinct ion from strontium after the addition of sulphuric 
acid) (Bloxam, C. ,Y., 1S8G, 54, 16). 

fi. — Normal diromates, aa K^CrO* , precipitate solutions of calcium salts as 
calcium chromate, CaCrO^ , yellow, provided the solution be not too dilute (5f)* 
The precipitate is readily soKibte in acids and is not formed with aeid chro- 
mat en nn "K^^Qr^sOj (separation from barium). i.-^Fluo silicic ucjd does not 
precipitate calcium fialts even in the presence of e<|ua1 parts of alcohol (separa- 
tion from barium), 

7. Igrnltfon, — Calcium sulphate, CaflOt.2H,0 , j^^ypsum . lose*? its water of 
crystallization at 80° and becomes the anhydrous stilphate, CaSO, , plaster of 
Paris: which on heinp^ moistened forma the crystalline CaS0,,2H,0 , expands 
and '' sets." Calcium carbonate, Ihnrttimte, when heated (burned) loses carbon 
dioxide and becomes lime, CaO . 

Compounds of calcium, preferably the chloride, render the ftaine ^feUottiiih 
rat. The presence of strontium or barium obscures this react iou, hut a mixture 
containing calcium and harium. moistened with hydrochloric acid^ gives the 
calcium color on its first introduction to the flame. The spectrum of calcium 
is dieting'uished by the bright preen line, Ga /J, and the intensely bright 
orang^e line, Ca a, near the red eud of the spectrum. 

8. Detection. — Calcium is separated in analysis from the metals of the 
other groups and from barium, with strontium^ as described at §187, 8, 
A portion of the solution of strontium and calcium acetate is boiled with 
potassium sulphate; after standing for some time (ten minutes), the filtrate 
is tested with ammonium oxalate, A white precipitate insoluble in the 
acetic acid present, but i^oluhle in hydrochloric acid is evidence of the 
presence of calcium. The flame test (7) is confirmatory. 

9, Estimation-^Calciiim is weighed as an oidde, carbonate, or sulphate. The 
carbonate is obtained by precipitating as oxalate, and gently igniting the dried 
precipitate: higher ignition chang^es the carbonate to the oxide. The sulpha t« 
is precipitated in a mixture of two parts of alcohol to one of the solution. The 
hydroxide aud carbonate may be determined by alkalimetry. Ciilciitm may be 
■cparated from barium and strontium by the solution of its nitrate in nmyl 



214 



MAGKESILM. 



§189, U 



alcohol (5c). The beflt method of separation from Btrontium Is to treat the 
nitratei with a mixture o* <*qiial volumes of alcohol and ether. The calcium 

nitrate dissolves, but not more than one part in OO^OOO of the stronti\jm la 
found in the Rolntion (§195), Tn the presence of iron, aluminum and phos- 
phoric acid, calcium is best precipitated as an oxalate in the presence of citric 
acid (Passon, Z. ungew., 1898, 776), See also 9, §186 and §187. 



§180* Magnesinm, Mg = 24.3 . Valence two. 

1. Properties.— Kprei/lc mniiy, l,7n (Deville and Caron, A. Ch*, ISfiS, (3), 67^ 
346); mi'ltlmj pmni, a little below 800**, does not appear to be volatile (Mejer, 
U., 181S7, 20, 437). A white, hard, malleable and ductile metal; not acted npozi 
by water or alkalis at ordinary temperature and only slightly at 100"* (Hallo, 
if., 1S83, 16» fi&4). When heated in arr or in oxygen it burns with incandcficence 
to MgrO . It eombinfs direct ly when heated' in contact with TSl , F, As, 8 
and CI . It forms alloys with Hg^ and Sn , forming compounds which decom- 
pose water. 

2. Occurrence.— Ma^nesite, HgCO,: dolomite. CaMg(COj),: bmcite, Mg(OH),: 
epsom s^iU>i, MgfSO,.TH,0; and oonihined %vith other metals in a great variety 
of minerals. 

3. Preparation.— (J) By electrolysis of the chloride or anlphate (Bunsen, A., 
1653, 82^ KIT). (2) By ignition of 1h<^ fhlfiride with sodium or potaseinm 
(Wohler, .1., 1K57/I0i. r»()2j. (-f) Mg,Po(CN)fl is ijniited with Na.CO, . and 
this product ig-nited with zinc (Lanterbronn. German Patent No. S9,015), 

4. Oxide and Hydroxide, — Only one oxide of ma|Tnesi\im, HgO , is known 
with certainty. Formed by bund US' the metal In the air, and by action of 
heat upon the hydroxide, carbonate, nitrate, sulphate, oxalate and othpr mag^ 
nesium salts decomposed by heat. The corre^^pondiuir hydroxide. Hg(OH)i ^ 
is formed by precipitating magTiesium salts with the fixed alkalis. * 

5, Solubilities. — a. — MeiaJ. — Magnesium is soluble in acids including? 
carbonic acid, evolvin*? hydrogen: Mg + COj + H^O — MgCO;, + H.^ 
(Ballo, /?., 1882, 15, 3003): it is n\m attacked by the acid alkali carbonate^ 
&s NaHCO, , to form MgCO, , NaXO, and H (BoUo, I f.). Soluble in 
Ammonium salts: Mf + SlfH.Cl = NH.MgCl, + 21IH, + H, . With 
the halogens it acts tardily (Wanklyn and Chapman, J. C, 1860, 19* 111). 
i. — O^itk and hjdroxidt., — Insoluble in water^ soluble in acid&- llg(OH), 
is soluble in 111,111 parts of water at IS'' (Kohlran(?ch and Hose, ZeiL 
phifs. Ch., 1803, 12» 241), Tn contact with water the oxide is slowly 
changed to the hydroxide, Mg(OH)j. , and absorbs CO, from the air. Sol- 
uble^ in ammonium saltf*: * MgfOH), + 3NH,C1 = FH.MgCl, + 
2KH,0H. c.—SaUs.—Tyie chloride, bromide, iodide, chlorate, nitrate, 
and acetate (4 aq) are dtUquesceni] the sulphate (7 aq) slightly eflilorescent. 
The carbonate, ]diosphatc, borate, arsenite, and arsenate are insoluble in 
water; the sulphite, oxalate^ and chromate soluble; the tartrate sparingly 
soluble. The carbonate is soluble; the phosphate, arsenite, and arsenate 
are insoluble in excess of ammonium salt^^. 

6, Eeactions. ^.— The fixed alkali hydroxides and the hydroxides of 
barium, strontium and calcium precipitate magnesium hydroxide, Mg(0H)3, 



* Tba ooadltloafl hece are the aame uln tlie oaae of MnCOHi,, !134, flo, footnote* 
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white, gelatinoue, from solutions of magnesium salts; insoluble in exce&s 
of the reagent but readily soluble in animoniurn salts: MgfOH)^ + SlTH^Cl 
== MgCl^.NH^Cl + :Jira,OH . Witli ammonium hydroxide but half of the 
magnesium is precipitated, the remainder being held in solution by the 
ammonium salt formed in the reaction: ^^MgSO^ + SNH^OH = Mg(OH). 
+ (KHJ^lIg(SO,)^ (Rheineek, DingL, 1871, 202, 2G8), The fixed 
alkali carbanates precipitate basic magnesium carbonate, Mg4(0H)^- 
(CO3),, variable to Mg,(OH).(CO,), : 4MgS0, + 4Na3C03 + H^O ^ 
Mg,{0H)3(C0Jg + 4Na.S0^ + CO. . If the above reaction takes place in 
the cold the carbon dioxide combines with a portion of the magnesium 
carbonate to form a s^ohible acid magnesium carbonate: 5MgS0^ + 
SNa^COj, + ^^H^O = Mg,{OH)^(C03), + MgH,(COJ^ + SNa.SO, . On 
boiling, the acid carbonate is decomposed with escape of CO^ . Ammonium 
earbomate does not precipitate magnesium salts, as a soluble double salt is 
at once formed. Acid fixed alkali carbonates, as NaHGO^ , do not precipi- 
tate magnesium salts in the cold ; but upon boiling, CO^ is evolved and the 
carbonate is precipitated (Engel, A. Ch., 1886, (6), 7, 2G0). 

b, — Soluble oxalat«a do not precipitate eohitjonsi of raflgueBiiim Baltic, ne they 
form soluble double oxalates. If to the solution of double oxalates, preferablj 
uiap^emum ainraoniura oxalate, an equal vatume of §0 per cent acetic acid be 
added, the mag-neaium is precipitated as the oxalate (separatiou from potas' 
Hium or sodium (Classen, Z.r IS'^9* 18» 373), 

ff.— Alkali pliospliates — as ITaaHPO^— precipitate magnesium phosphate^ 
MgHPO^ , if the solution be not very dilute. But even in verv dilute 
solutions, by the further addition of ammonium hydroxide (and HH^Cl), 
a crvpfalline precipitate is slowly formed, magnesium ammonium pho.^phate 
— MgNHjPO^ , Stirring with a glfiss rod against the side of the test-tubo 
promotes the precipitation. The adilition of ammonium chloride, in this 
test, prevents formation of any precipitate of magneeium hydroxide (5&)> 
The precipitate dissolves in 13,497 parts of water at 23"* (Ebenuayerj 
J, pr., 1B53, 60, 41); almost absolutely insoluble in water containing 
ammonittm hydroxide and ammonium chloride (Kubel, Z.^ 1869. 8, 125). 

e. — Magnesium ^nlphide is dei^omposed hy vrnier, and ma^ncsjum sfllt*^ are 
not precipitated by hydrosulphurlc acid or ammonium sulphide: but MgO H^ 
H,0 (1-10) absorb}^ H;S , foriuing' in soUition MgH^S; , which readily ^ivea 
off H^S upon boiling (a very satisfactory method of preparing HjS absoUitely 
arsenic free) (Divers and Shmidzu, «/, 0.^ 1S84, 45, *j99). Normal sodium or 
potassium sulphide preeipitates sotntions of maj^nesium sails as the hydroxide 
with formation of an add alkali fitilphide: MgSO, + 2Na.S -h 2H.0 = MgiOH), 
+ Na,SO, + i2NaHS (Pelonze, A. Ch., IBGG, (4), 7\ 172 '). Sulphuric acid and 
BOluble sulphates do not precipitate solutions of magnesium salts (distinction 
from Bft , Sr and Ca). 

f.— Mnirneslnm chloride, in solution, evapo rated on the WBter bath evolves 
hydrochloric nt-id (7). if. — Soluble araenates precipitate mairuemium salta in 
deportment Bimilnr to the corresponding' phosphates. 

7, Ignition*^ — Magnesium ammoTiium phosphate when iR-nited loses ammonia 
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and water, and becomes the pyrophosphate: 2MgrNH«P0« = MgsPsOf -f H,0 -+- 
2NH3 . The carbonate loses CO, and becomes MgO . In dry air magnesium 
chloride may be ignited without decomposition, but in the presence of steam 
MgO and HOI are formed: MgCl, + H,0 = MgO -f 2HC1; a technical method 
for preparing HCl (Heumann, A., 1877, 184, 227). 

8. Detection. — If sufficient ammonium salts have been used, the mag- 
nesium will be in the filtrate from the precipitated carbonates of barium, 
strontium and calcium. From a portion of this filtrate the magnesium is 
precipitated as the white magnesium ammonium-phosphate, MgNH^PO^ , 
by Na^HPO^ . 

9. Estimation. — After removal of other non-alkali metals, mapnesium is pre- 
cipitated as MgNH4P04 , then changed by ignition to MgjP^OT (magnesium 
Eyrophosphate) and weighed as such. Separated as Mg^l, from KCl and NaCl 
y solution in amyl alcohol, evaporated with H3SO4 and weighed as MgS04 
(Riggs. Am, S,, 1802, 44, 103). It is estimated volumetrically by precipitation 
as MgNH4P04 , dryinflr at about 50** until all free NH4OH is*^ removed. An 
excess of standard acid is then added and at once titrated back with standard 
fixed alkali, using methyl orange as an indicator (Handy, J. Am. ISoc, 1900, 22, 
31). 

10. Oxidation. — Magnesium is a powerful reducer; ignited with the 
oxides or carbonates of the following elements magnesium oxide is formed 
and the corresponding element is liberated : Ag , Hg , Pt , Sn *, B , Al , 
Th, Ct, Si, Pb, Ft, Ai, Sb, Bi, Cr, Mo, Mn, Fe, Co, Ni, Cu, 
Cd , Zn , 01 , Ba , Sr , Ca , Bb , K , Na , and Li . In some cases the reaction 
takes place with explosive violence. From their corresponding salts in 
neutral solution Mg precipitates Sc , Tc , As , Sb , Bi , Sn , Zn f , Cd , Fb , 
Tl, Tb, Cn, Ag, Mnt, Fef, Co, Ni, An, Ft, and Fd (Scheibler, B., 
1870, 3, 295; Villiers and Borg, C.r., 1893, 116, 1524). 

• Winkler, B^ 1890. as, 44,120 and 772; 1881,24.898. 

t Kern, C. N., 1870, 8S, 112 and 280. 

t Seubert and Schmidt, A„ 1892, 267, 218. 
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DiEECTlONS FOH ANALYSIS OF THE MeTALS OF THE CaLCIUM GbOUP. 

(The Alkaline Earths.) 

§191. Manipulation.— To the filtrate from the fourth group in which 
HaS (§182, J) gives no precipitate (gl38) add NH^OH and ammonium 
carbonate as long as a precipitate U formed; BaCL + (NH^}X03 — Bb,CO^ 
+ '^HH^Cl . Digest with wanning, filter and wash. The filtrate should 
be tested again with ammonium carbonate and if no precipitate is formed 
it is aet aside to be tested for magnesium and the alkali metals (§gl9^ 
and 211). 

The well washed white precipitate is dissolved in acetic acid* UBing as 
little as possible: SrCO, + 2HC.H,0, = Sr(C,H,0,), + CO, + H,0 . 

To a small portion of the acetic acid solution add a drop of K^Cr^vO^ ; 
if a precipitate— BaCrO^— is obtained, the K^Cr.O^ must be added to the 
whole solntion: 2Ba(C,H,0.) + KXr.O, + H.0 = 2BaCrO, + gKC-HsO^ 
+ gHC^HyO^ . Filter, wash the precipitate^ disBolve it in HCl and pre* 
eipitate the barium as barium sulphate, with a drop of sulphuric acid- 

To the filtrate from the barium chromate add NH.OH and (HH^IjCOa , 
warm, filter, and \?a§h. Dissolve the white precipitates of SrCO^ and 
CaCO^ in acetic acid and divide the solution into two portions. 

Portion 1, — For Sirontium. — With a platinum wire obtain the flame 
test, crimson for strontium; calcium interferes (7t SS187, 188 and 205). 
Add a solution of ealeium sulphate and boil; set aside for about ten min- 
utes. A precipitate — SrSO^ — indicates strontium. This SrSO^ may be 
moistened with HCl and the crimson flame test obtained. 

Portion 2* — -for Calcinm. — Add a solution of potassium anlphate, boil, 
and set aside for ten minutes. Filter (to remove anj strontium that may 
be present; also a portion of the calcium may be precipitated, §188, Ge) 
and add ammonium oxalate to the filtrate. Dissolve the precipitate in 
HCl - A white precipitate — ^CaCoO^ — insoluble in acetic acid by its forma- 
tion in that solution, and soluble in HCl is proof of the presence of calcium. 

S192, Notes,— I. The failure of (B^O^S (or H,S in presence of KH.OH) to 
form a preeipitate with solutions of the alkaline earths and of the alkalis, 
marks a sharp separation of these metals from the metals of the preceding 
groups* 

i. Do not boil after the addition of ammonium carbonate, as this will drive 
off ammonium hydroxide and carbonate, increasinR' the solubilltv of the CaCO^ 
(note 3 and §178). 

S, Tlie preclpitatloii of barium^ EtroDtluni and calcium b^^ ammonium car- 
bonate in the presence of zmiuionium chloride, is not as complete as would be 
desirable in very delicate analyses. The carbonates of barium, strontium and 
calcixim are all slig^htly soluble in ammonium chloride solution; and while the 
prescribed addition of ammonium hydroxide, and excesB of ammonium car- 
bonate, greatly reduces the jio lability of the precipitated carbonates, yet even 
with these the precipitiition is not absolute* thouirh more nearly so with 
strontium than with barium and calcium. Thus, in i^uantittithr analyses, if 
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barium and calcium are precipitated as carlionates, it must be done in the 
absence of ammouium cliloHdt? or sulphate, and the precipitate washed with 
water containing ammonium hydroxide. 

4. If barium be absent, as evidenced by the failure to obtaiD a precipitate 
with KjCTaOj » the solution may at once be divided into two portions to test for 
strontium and calcium. 

5. With care the repreeipitatlon by ammonium carbonate, for the separa- 
tion from thu excess of K^Cr^Ot , may be neK:let'ted and the filtrate from t he- 
barium, yellow, at once divided into tw^o portions and tested for Sr and Ca . 
Re precipitation always causes the los^s of some of the metals, due to the solu- 
bihty of the carbonates in the nmmouhim acetate formed. On the other hamK 
traces muy eiscape observation in the yellow chromate solution. 

8, Before reprecipitation wjth (NHJ^fCOa , an excess of ammonium hydroxide 
should be added to prevent the liberation of CO, when the ammonium car- 
bonate is added. 

7. Strontium sulphate is so sparinp-ly soluble in water (§187, fie} that Its 
precipitation by CaSO^ (or other sulphates in absence of Ca) Is snflficiently 
delicate to detect very .small ainonntit of that metaL However, it is sufficiently 
fiolubte in water to serve as a valuable reagent to detect the presence of traces 
of barium* Obviously SrSO, will not precipitate solutions of calcium salts. 
Solutions of strontium and barium salts (except SrSO^ ) are all precipitated 
by GaSO,. The presence of excess of calcium salts lessens the deUcacy of the 
precipitation of strontium fialts by calcium sulphate, 

8. — In very dilute solutions the culphatea of the alkaline earths are not 
precipitated rapidly. Time should be allowed for the complete precipitation* 
Boilings and evaporation facilitates the reaction, 

9. It should he noticed that the test for calcium as an oxalate is made upon 
that portion of the calcium not removed by S.SO^: or in other words upon a 
solution of CaBQ, (l-'ino). A solution of SirSO^ (MO,ono) may be present but 
is not precipitated by {WHt)tC^O^ . The presence of a V^eat excess of 
(NHjjSOi prevents the precipitation of traces of caleium salts by (NHtjiCjO^ ^ 

gl93. Manipulation. — To a portion of tbe filtrate from the carbonates 
of Ba , Sr , and Ca inlcl a tlrop or two of (HHJ^SO^ and then a f^^w drops of 
(ira^)XjO^ ; filter if a precipitate is obtained and test the filtrate for M^ 
with Ka^HPO^ . A white precipitate— MgJffH^PO^— is evidence of th& 
presence of magnesium. The other portion of the filtrate from the ear- 
bonates of Ba , Sr , and Ca is reserved to be tested for the alkali metaU 

(izii). 

§194. Noi€s.--L By some, mafiftieslum is classed in the last or alkali prroup 
instead of in the alkaline earth group. It is not precipitated by the (NHJXO/, 
yet in the general properties of its salts it U so closely related to Ba, Sr and 
Oa , that It is much better rcj^rirded nn a subdivision of that group than as 
belonjTiug to the alkali proup (§175 and /f.). 

2. Traces of Ba, Sr and Ca may remain in solution after adding (NHJ^COs^ 
and warming; due to the solvent action of the ammomnm salts present. To 
prevent these traces fi^iving a teat for magnesium with Na^HPO^ , 11 drop or 
two of (lTH|)9B0t is added tn remove bjirium or strontium und n few drops of 
(NHJ^C^O^ to remove t-ak-ium. Tlie preclpitaie (If any forms) is removed by 
filtration, before the Ka^HPO* is added. 

3. The precipitat** of MgNHiFO, does not ahvays form rapidly if only small 
amounts of Mg- are present » and the solution should be allowed to stand. 
Kubbing the aides of the test tube with a glass stirring rod promotes the pre- 
cipitation. 

i- The precipitation of HLg tis UgNH.FO, is fairly delicate (1-71,492) (KiRsel, 
Z„ lRfi9, 8, 173); but not ni uU rhiiVfieU*rUtk\ im^ the phosphates of nearly all the 
metals are white and insolubJe in water. Hence the reliability of this test for 
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magrnesium depends upon the rigid exclusion of the other metals (not alkalis) 
by the previous processes of analysis. 

o. Lithium phosphate is not readily soluble in water or ammonium salts and 
may give a test for magnesium. See §210, 6ci. 

§196. The unlike solubilities in alcohol, of the chlorides and nitrates of 
barium, strontium and calcium enable us to separate them quite closely by 
absolute alcohol, and approximately by " strong alcohol," as follows : 

Dissolve the carbonate precipitate in HCl , evaporate to dryness on the 
water-bath, rub the residue to a fine powder in the evaporating dish, and 
digest it with alcohol. Filter through a small filter, and wash with alcohol 
<5r, §§186, 187 and 188). 



Besidue: BaCl, . 

Dissolve in water, test 
with GaSO^ , SrS04 , 
XsGraOr , etc. 



Filtrate: SrCl, and CaCl, . 

Evaporate to dryness, dissolve in water, change to 
nitrates by precipitating with (NH4)jC0a , wash- 
ing and dissohing in HNO, . Evaporate the 
nitrates to dryness, powder, digest with alcohol,* 
filter and wash with alcohol (or digest and wash 
with equal volumes of alcohol and ether). 



Besidue: Sr(NO,), . 
Precipitation by GaSO« 
in water solution ; 
flame test, etc. 



Filtrate: Ca(NO,), . 
Precipitation by H3SO4 
in alcohol solution, by 
(NH4)3C,04, etc. 



Or, the alcoholic filtrate of SrClj and CaClj may be precipitated with (a 
drop of) sulphuric acid, the precipitate filtered out and digested with 
solution of (NHJoSO^ and a little NH^OH. Residue, SrSO^ . Solution 
contains CaSO^ , precipitable by oxalates. 

§196. If the alkaline earth metals are present in the original material 
as phosphates, or in mixtures such that the treatment for solution will 
bring them in contact with phosphoric acid; the process of analysis must 
be modified. One of the methods given under analysis of third and fourth 
^oup metals in presence of phosphates (§146 and ff,) must be employed. 

§197. The presence of oxalates will also interfere, necessitating the 
evaporation and ignition to decompose the oxalic acid (§161). 



•Instead of alcohol the residue of tho nitrates maybe boiled with amyl alcohol. Calcium 
nitrate is dissolved making a complete separation from the strontium nitrate i$18», be). 
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§198* The metals of tho alkalis are highly conahiistiblej oxidizing quickly 
in the air, dispkcing thu hydrogen of water even more rapidly than zinc 
or iron displaces the hydrogen of acids, and displacing non-alkali metals 
from their oxides and salts. As elements they are very s^trong reducing 
agents, while their compounds are very stable, and not liable to either re- 
duction or oxidation by ordinary means. The fire metals, Ca, Eb, K^ 
Na t Iii> present a gradation of electro-positive or basic power^ cesium 
being strongest^ and the others decreasing in the order of their atomic 
weights J lithium decomposing water i^ith less violence than the others. 
Their specific gravities decrease,* their fusing points riscj^ and as carbon- 
ates their solubilities lessen, in the same order. In solubility of the phos- 
phate, also, lithium approaches the character of an alkaline earth. 

Ammonium is the basal radical of ammonium salts, and as such has 
many of the characteristics of an alkali metal. The water solution of the 
gas ammonia, NHg (an anhydride), from analogy is supposed to contain 
ammonium hydroxide, NH^OH, known as the vohiiU alkalL Potassium 
and sodium hydroxide^i are iJte fixed alkalis m common use. 

§199. The alkalis are very soluble in water, and all ths important salts 
of (he all^ali melak {ineluding NHJ arc soluble in water, not excepting their 
carbonates, phosphates {except lithium), and siHcatcB; while all other 
metals form hydroxides or oxides, either insoluble or sparingly soluble, ami 
carbonates, phosphates, silicates, and certain other salts quite insoluble in 
water. 

Their compounds being nearly all soluble, the alkali metals are not pr€- 
tipiiated by ordinary reagents, and. with few exceptions, their salts do not 
precipitate each other. In analysis, they are mostly separated from other 
metals by non-precipitation. 

§200. In accordance with the insolubility in water of the non-alkali 
hydroxides and oxides, ike alkali hjdroxides preeipiiaie all non-alkali metal% 
except that ammonium hydroxide does not precipitate barium, strontium, 
and calcium. These precipitates are hydroxides, except those of mercury, 
silver, and antimony. But certain of the non-alkali hydroxides and 
oxides, though insoluble in water, dissolve in solutions of alkalis i hence, 
when added in excces, the alknlis ndissolvc the prenpttatfs ihey at first pro- 
ducB with salts of certain metals^ viz. : the hydroxides of Pb , Sn , Sb (oxide), 

* Except thoftj of potoflsluta (aSTS) and sodJum (O.flTBSi. 
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Zn, Al, and Cr dissolve in the fixed alkalis; and oxide of Ag and hy- 
droxides of Cu j Cd J Zn j Co ^ and Ni dissolve in the volatile alkali* 

§201, Solutions of the alkalis are caustic to the taste and touch, and 
turn red litnms blue; also, the carbonateB, ncid carbonates, normal and 
dibasic phok^phatesj and some other salts of the alkali metals, give thQ 
"alkaline reaction" with test papers, Sadium nitroferri cyanide, i**ith 
hvdro;^eTi ^dphide, gives a delicate reaction for the alkali hydroxides 
(§207, 6fc), 

§202, The hydroxides and normal carbonates of the alkali metals are not 
decomposed by heat alone (as are those of other metals), and these metals 
form the only acid carbonates obtained in the solid state. 

§203. The fixed alkalis, likewise many of their salts, melt on platinum 
foil in the flame, and slowly vaporise at a bright red heat. All salts of 
ammonium, by a carefid evaporation of their solutions on platinum foil,. 
may be obtained in a solid residue, which rapidly vaporizes, wholly or 
partly, below a red heat (distinction from fixed alkali metals). 

§204. The hydroxides of the fixed alkali metala, and those of their salti* 
most volatile at a red heat, preferably their chlorides, impart strongly 
characteristic colors to a non-luminous flame, and give w^ell-deflned ftpectra 
with the spectroscope, 

§205, Potasaium, K — 39,11, Valence one. 

1, Properties,— -^/>fn7?r' gmvita, 0.875 at IS" (Daumhauer, B,^ 1873, 6, 655), 
Melting junnl, ii^A" (Hagen^ C, C, l!^83, 121»)< Jlifiiinif ptiinU 719* to 731= (Car- 
neliey and Williams, B,, LS79. 12. VMO}; 007° {rermaii, ,L €\, 1B89, 55, 32SJ, 
Silver-white metal with a blniKh tinge. At ordinary temperature of a wax-like 
consistency* ductile and iiuiHeable: ot 0° it is brittle. It jg harder than N& 
and IS scratched by I-i , Pb , Ca aacl Sr , The g-lowing vapor is a very beautiful 
intense violet (Dudley, Am., 181*12, 14, 185). It is next to caesium and rubidium, 
the mo»t e]et*tr«-positivi? of all m etuis, remains unchanged in dry air, o^idize^ 
rapidly in moist air, and deeomj^ses w^ater with great violenee, evolving- 
hydrogen, bnrninijr with a violet flame. At a red heat CO and CO. are 
decomposed, at a white heat the reverfie action takcB place. Liquid chlorine 
does not attack dry potiisfe^inm (Gautier and Charpy, (7, i\, 1891, 113, .S97). Adds 
attack it violently, evolvinff hydrogen. 

2, Occurrence, — Very widely distributed as a portion of many silicates. In 
sea water in small amount as KCl . In numerous combinations in the large 
salt deposits, especially at Stassfnrt; e, ff,, carnallite, KCl.KgClt + ^IH^O: 
kainite, K,S04.M^S0^.MgCla + OH^O , etc. As an important constituent of 
many plants— grape, iMtato, sugar-beet, tobacco^ fumaria, rumex, oxalis, etc. 

3, Preparation. — (1) By reduction of the carbonate with carbon, (2) By 
electrolysis of the hydroxide (Horning' and Knsemever, B.. 1889, 22, 277c: 
Castner, B., 1H&2, 25, l79e). (S) By rednotioB of KjCO^ or KOH with iron car* 
bide: 6K0H -h sreC, = 6K + Sfo + SCO + 2C0, + 3H, (Castner, C. F„ 1886, 
54. 218), (4) By reduction of the carbonate or hydroxide with Fe or Mg 
(Winkler, S., 1S90, 23, 44). 

4, Oxides and Hydroxide,— Potaflsfww oj'We * KaO , is prepared by carefully 
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• The BJtiatfinoe of tho o^doB M'iO of K^ Mm. aad Kb Is disputed (Erdmanu and Koethaer. A., 
IBBQ, S0#, 66). 
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heating potassium with the oeoeeaary q mount of oxygen (air) (Kuhnemann, 
C\ C„ 1863, 491): olho bj heating K,0, with a mixture of K imd Ag (Beketoflf, 
C, v., iBSh *>4-0^ It is a htti^, gray mass, melting above a rt*c1 Kent. Water 
changes it to KOH with generatitin of much heat. FnftUJiium hffdroTkk', KOH, 
la formed by treating K or K^O with watt^r; by boiling a solution of K^CO^ 
with Ba . Sr or Ca oxidet*; by heating KXO, with Fe^O, to a red heal and 
decomposing the potassium ferrate with water ( EUt^t'KhatiKen, C. €',, IS^U, (1), 
1Q47J (2), 3119). Pure water-free KOH is a white, hard, brittle mass, melting 
at a r€*d heat. It dissolves in water with generation of much heat* Pfifii/ni^ium 
supn-fhridt\ K^O^ , is formed when K is heated in contact with nhundanci* of mv 
(Hareourt, J. (\, 18fi2, 14, 267): also by bringing K in contact with KNO, 
Seated until it begins to evolve (Bolton, ('. A\, 1H8G, 53, 2m). It is an amor- 
phous powder of the color of lead chromate. Upon ignition in a silver dish 
oxj'gen 155 evolv<*d and K.O inid Ag.O fonued (Harnourt, hr.). Moist air or 
w^ater decomposes it with evDlntiou of oxygen. It is a pow^erful oxidizing 
agent, oxidizing S^ to Svi , P« to Tv , K , As\ Sb . Sn . Zn . Cn . T© , Ag and Pt 
to the oxides (Bolton, L c: Brodie, Froe, llof/. Soc., 18611, 12, 209). 

5. Solubilities.— K and KjO dissolve in w^ater with violent action, forming 
KOH, which reacts with all acids forming soluble salts. Potassium dissolves 
in alcohol, forming potaj^^ium alcoholate and hydrogen. 

Potassium platinum chloride^ acid tartratej silico-Riioride, picrate, phos- 
phomojjbdate, perchlorate, and chlorate are only sparingly soluble in 
cold water, and liearly insoluble in alcohol. The carbonate and sulphate 
are insoluble in alcohol. 

6, EeactioBJ. a. — Potassium and sodium hfflroxides are very strong 
bases, fixed alkalis, and precipitate j^oluiiouti of the salts of all the other 
metaU (except Cb, Eb, and Li), as oxides or hydroxides. These precipi- 
tatea are quite insoluble in water, except the hydroxides of Ba , Sr , and 
Ca. Excess of the reagent causes a resolution with the precipitates of 
Pb, Sb. Sn, Alj Cr, and Zn, furming double oxides as, K JbO^ , potas- 
sium plumbite, etCp Potassium carbonate is deUqueseentf strongly nlkaliue. 
and precipitates solutions of the salts of the mctak (except Cb , Bb , Na, 
and Li), forming normal carbonates with Ag , Hg', Cd , Fe", Mn , Ba , Sr , 
and Ca ; oxide with Sb ; hydroxide with Sn , Fe'", Al , C^" and Co'"; basic 
salt with Hg^', and a basic carbonate with the otlicr nietali^. 

&.--The potassium salts of HCK, H,Fe(CN)n , H,Fe(CK)^ , and HCKS 
iind extended application in the detection and estimation of many of the 
heavy metals. 

Tartaric acid, H^C^H^O^ , or more readily sodium hydrogen tartrate, 
SaHC,H,Oa, precipitates, from solutions sufficiently concentrated, potas- 
sium hifdroffen tart rale, KHC^H^On , ^^ranular-crystalUne, If the solution 
be alkaline, tartaric acid t^hould be added to strong acid reaction. The 
test nuLst be made in absence of non-alkali bases. The precipitate is in- 
creased by agitation, and by addition of alcohol. It is dissolved by fifteen 
parts of boil in*,' water or eighty-nine parts water at 25% by mineral acids, 
by solution of1x>rax, and by alkalis, which form the more soluble normal 
tartrate, K C H , but not by acetic acid, or at all by alcohol of fifty 
per cent 
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Picric acid, C,vH^^(llO._.),^OH , precipitator, from eoliitiane not very dilute, 
the Yellow, crytitallinc potassium picrate, Q^'Kj(NO^)^OK ^ insoluble in alco- 
hol, l>y help of wliich it is formed in dilute fe>olutions. The dried precipi- 
tate detonates strongly %vhen heated. 

r.— If a neutrnl solution of a potassium salt Ijo addM to a solution of cotialtic 
nitrite,* a pr<?cipitate of the double salt pataHJuimn cobnltiv nit rite, £,Co(KOj« ♦ 
will be formed. lu coaceut rated solutions the preetpitate forma tmraediately, 
dilute! KolutiouR should be allowed to atand for some time; sparingly soluble in 
vvuter, fuM^Iuble m aleobol anil in a sDlution of potassium salt ft. hence the 
precipitation is more valuable as a separation of cobalt from nickel than as n 
test for potoafiium (|132, 6e). 

Potassiura nitrate is not found abundantly in nature, hut is formed by the 
decomposition of nitro^enoiiB organic Sstibstances in contact with potassium 
saJtis, " saltpeter plan tat ions **T or by treating a hot solution of N&NOk with 
KCl (D., 3, a* 72). It finds extended application in the manufacture of gun- 
powder, d.— See &20e, Gd, 

ff, ^Potassium sulphide may be taken as a type of the soluble sulphides 
which precipitatCB Bolutions of the metnls of the first four groups a*^ 
sulphides except: H^ becomes HgS nnd Hg°, W becomes FeS and S, 
and Al and Cr form hydroxides. The Bulphides of arsenic, antimony and 
tin dissolve in an excess of the reagent, more rapidly if the alknli sulphide 
contain an excess of eulphur. For the general action of H.S or soluble 
sulphides as a reducing agent see the respective metals. Potassium sul* 
phate is used to precipitate barium, strontium, and lead. It nlmost always 
occurs in nature as double salt with magnesium, K..S04-MgS0^*MgCl3 + 
GHjO , kaiuite, and is used in the manufacture of KA1(S0;)2 , XXO^ and 
KOH . As a type of a soluble sulphate it preeipitatcfi solutions of lead, 
mercnrosiim, barium, strontium, and calcium; calcium and mercurosum 
incompletely, 

f. — Potassium chloride precipitates the metals of the first group, acting 
thus as a type of the soluble chlorides. It is much used with sodium 
nitrate in the preparation of potassium nitrate for the manufacture of 
gunpowder, in the preparation of K^CO^ , KOH , and also as a fertilker. 
Potassium bromide as a type of the soluble brnmides precipitatea solutions 
of Pb, Ag, and Hg (Hg" incompletely). Potassium iodide finds extended 
use in analytical chemistry in that it forms many soluble double iodides; 
it is ali=o extensively used in medicine. As a type of a soluble iodide it 
precipitates solutions of the salts of Fb , Ag , Hg , and Cu'. Cu" salta 
are precipitated as Cul with liberation of iodine. Fe''' salts arc merely 
reduced to Fe'^ salts with liberation of iodine. Arsenic acid is merely 
reduced to arsenous acid with liberation of iodine. 



• 
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* Oma CO. of cotwltouB nltmto solutloa and three cc. of oxgUq acid are added to ftvecop of a ten 
per c?ent nalution of sodium nit^te* Tbfa glvei a jellowlsb iolucion bavlair an odor of attroas 
acid. 
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Potassium chlorate is vised fiR a source of oxjgien and a& an ox id i ring ageat 
in aeid solytioim. Sodium perchlotate, NaClO/, precipi lutes from solutlotis of 
potQBsium salts pottm^ium pavhiotate^ KOLO« , Bpiiringly soJuble in water and 
almost insoluble iu strong alcohol (Kreider. Z, unot%, I8l*5» 9* 342). PotasBium. 
iodate is usetl as a reagent in the detection of barium uh Ba(IO,). . *?.— The 
oxides of itrfienU^ act a« acid anhydrides toward KOH and form ?5tnlile soluble 
potassiwm waits, arsenitt\s and arsenates, whieh react with the salts of nearly 
all the heavy metals. A.— Potassium ckromate and dichromate are both extcn- 
sively used as reaf^entSt especially iti the analysis of Ag , Pis and Ba salts. 

1. — Hnosilicic acid, H^SiFfl, precipitates from a neoitral or slightly 
aeid solutioTi of pota&sium ealts, potassium fltioBOieate (silico-fluoride), 
K^SiP^, soluble in 833.1 parti? of water at 17.5°: in 104.8 parts at 100^: 
and in 327 parts of 9.0 per cent HCl at 14° (Stolba, J. pr., 18G8, 103, 3mK 
The precipitate is white, very nearly transparent. 

/. — Platinic Chloride, PtCl^ , added to neutral or acid solutions not too 
dilute, with hydrochloric acid if the compound be not a chloride, precipi* 
tates poiassinm phUnic ckhride, (KCl).PtCl^, crystaUinej yellow. Non- 
alkali bases also precipitate this reagent, and if present tnnst be removed 
before this test. The precipitate is soluble in 19 parte of boiling water, 
or 111 parts of water at 10**. Minnte proportions are detected by evapor- 
ating the solution with the reagent nearly to dryness, on the water-bath^ 
and then dissolving in alcohol; the yellow crystalline precipitate, octahe- 
dral, remains undissolved, and may be identified under the microscope. 

^.— ^An alcoholic solution of BlClj in excess of Ka-S^Oi gives a yellow pre- 
cipitate ivith giolntiouii of potassium salts (Pauly, C, C\, 188 7, 553)^ I — Gold 
chloride ailded to sodium and potassium chloride forms double salts, c. £/,, 
KCLAuGlf 4- :2H,0 . If these salts are dried at 100° to 110° to remove water 
and acids, the sodium salt is soluble In ether (aeparation from pot^saium) 
(Fasbender, O. €„ 1894, 1, 409). 

7. Ignition. — Ignited potassium hydroxide or potassium carbonate is » 
valuable desiccating agent for use in dcBiecators or in liquids* A mLxture 
of molecular proportions of K.^.COj, and Na.CO., melts at a lower tempera- 
ture than cither of the constituents, and is frequently employed in fusion 
for the tran?iposition of insoluble metallic compounds: BaS04 -f EXO^ := 
BaCO^ + K,SO( , 

Potassium compounds color the flame vioht. A little of the solid 
substance, or residue by evaporation, moistened mth hydrochloric actd, 
U brought on a platinum wire into a non-luminous flame. The wire 
should be previously washed with HCl, and held in the flame to insure 
the absence of potassium* The presence of very email quantities of 
sodium enables its yellow flame completely to ohscure the vioki of potas- 
sium; but owing to the greater volatility of the latter metal, flashes of 
violet are sometimes seen on the first introduction of the wire, or at the 
torder of the flame, or in its base, even when enough sodium is present 
to conceal the violet at full heat. The interposition of a blue glaaa, or 
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prism filled with indigo aolutioiii suflici^ntly thick, entirely cuts oil the 
jellow light of soiliuni, aiitl enables the potassium flame to be iioen. The 
red rays of the Uihunji flume are ^ilso intercepted by the blue glass or 
indigo prisnij a thicker stratum beiog required than for sodiniii. If 
organic substances are present, giving luminosity to the flame, they must 
be removed by ignition. Certain non-alkali btiBea interfere with the 
examination. Silicates may be fused with pure gypsum, giving vapor of 
potassium sulphate. Bloxam (J\ C, 1805, IS, 22i)} recommends to fuse 
insohible alkali eompounds with a mixture of sulphur, one part, and 
barium nitrate, six parts; cool, dissolve in water, remove the barium with 
IIH.OH and (NHj^COa and test for the alkalis as usuah 

The volatile potassium eorapounrl^, when placed in the flame, ^ye a 
widely-extended continuous spedrum, containing two eharacteristic lines; 
one line, K 'je^ situated in the outermost red, and a second line, K /3, far in 
the violet rays at the other end of the spectrum. 

8. Detection^^Potassinm is usually identified by the violet blue color 
which most of its salts impart to the Bunsen flame (7), Sodium inter- 
feres but the intervention of a eobalt glass (|132, 7) or a sokition of 
indigo cuts out the yellow color of the sodium flame and allows the violet 
of the potassium to be seen. Some of the heavy metals interfere, henee 
the test should be made after the removal of the heavy metals (§§211 
^nd212). 

Potassium may be preeipitated as the platinichloride (Cy); as the per- 
chlorate (Of); as the silleo-fluoride (Gi); as the acid tartrate (<yb); etc. 
Certain of these reactions are much used for the quantitative estimation 
(9) of potassium but are seldom used for its detection qualitatively. 

9. Estimation*— (J) PotaRMnm is converted into the mjlphate or phopphnte 
nnd uei^hcHl jis sufh. (2) It is precipitated and weighed eib the double chloride 
with platinum. (.1) If present as £0H or X^COg it is titmted with standard 
acid (Kippenberger, Z* tmtjetc, 1894, 495). {.J) It k precipitated with H^SiF^ 
and si runs' afcohoL (5) Tndii'ectly when mixed with soflinm» by eonverting 
into the ehlorides and weig^hingr fts such: then determining" the amonnt of 
chlorine and calculating the relative amounts of the alknlis. (G) It is pre- 
cipitated as the bit art rote in presence of alenhnl and, after filtration and 
solntinn in hot water, titrated with deeUnonmal KOH, (7) By precipitation as 
the perch lorate, KClO, (Wen^e, Z, unffew., 1892, 233; Caspar! , Z\ irntjinc., 189a, 68). 

10. Oxidation. — ^PotaFstum is a very powerful reducing agent, its affinity 
for oxygen at temperatures not too high is greater than that of any other 
element except Cs and Rb , For oiidmng action of KJ)^ see 4. 



§206. Sodium, lia = 23.05 . Valence one. 

1. Properties.— .Sf/>m7?r ffiVvU}/, a.9735 at I2.h^ (Banmhaiier, i?.. 18T3» 6, 665): 

0.7414 at the tjoiliii^ point (Ramsaj, /?., ISHfi. 13. 2145J, MetUnif poirU, 97Xi^ 

(Bagen. B„ 1S83» 16, 1G68). Bming iMtiU 742* (Perinan, C. y„ 1889, 69, 23T). 



A silver-wliite metnt with a strong- metallic lustre. At ordinary t em peril ill rea 
it is softer than Li or Fb, and can ht* pri^ssetl together between the fingers; 
ikt —20° it is quijie harrl; ut D° very ductile. It oxidizes rapidly in mciist air 
and mnst be kept ujuler benzol or kerosene. It deeomposee water violently 
even at ordinary tern peratn res, evohlnR- hydrogen, which frequently ig^nitea 
from the heat of the reaction: 2Na + SH^O == tiNaOH + H, . It burns, when 
heated to a red heat, wHb a yellow fiame. I'ure dry Na la seareelv at all 
attacked by dry HCl (Cohen, C, N., 1886, 64, 17), ' 

2. Occurrence.^ Never occurs free in nature, but in its variotia com bi nations 
one of the ino&t widely diffused metals. There is no mineral known in which 
its! presence has not been detected. It occurs in al! wntt^rs tnostly as the 
ohlorkle from traces in drinking waters to a nearly saturated solution iu some 
mineral waters and in the sea water. Tt is found in enormous deposits as rock 
salt, NaCl; as Cliili saltpeter, NaNO^: in lesser quBntities as carbonate, borate* 
sulphfite, etc. 

:i. Preparation.— (/) By igniting ,the carbonate or hydroxide with carbon; 
(i) by igniting the hydroxide %vith im*tallie iron: (r?) by electrolysis of the 
hydroxide: (i) hy gently heating the carbonate with Hg" . 

^4. Oxides and' Hydroxides.— Sodium o\lde, Wa.O , is formed by burning 
godium in oxygen or in air and heating again with Na to decnmpoae the Na,0^ 
(§205, 4, footnote). Sodium hydroxide, NaOH , is formed by dissolving the 
metal or the oxide in water (Rosenfeld, J. pr., 18i}3, (2), 48, 599); by treating 
a solution of sodium carbonate with lime; by fusion of NaNO, ^ith GaCOj, , 
CaO and IffaiCO, are formed and the mass is then exhausted with water; by 
igniting Ka>CO» with Fe^O^ , forming sodium ferrate, which is then decom- 
posed with hot water into NaOH and re(OH)a (Solvay, C, C, 1887, 829). It is 
a white, opaque, brittle crystalline body, melting under a red heat. The 
fnst*d mass has a sp. gt. of 2.13 (Eilhol, A. Vh., 1847, i'i), 21, 415). It has a very 
powerf n] affinity for water, gradually absorbing .water from CaCl, (Muller- 
Erzbaoh, B,, 1S7S, 11, 409), It is soluble in about 0,47 part of water according 
to Bint an (P, r., iB^r^ 41, 509). 

Sodium peroxide, Ifa^Oa , is formed by heating sodium In CO, free air or 
oxygen (Prud^homme, C, C, 1893, (1), 199). It reacts as H^O^ , partly re<lucing 
and partly oxidizing. Tt may be fnsed without decomposition. Water decom- 
poses it partially into H"aOH and H^^O, . 

5, Solubilities, — Sadium and sodium oxide dissolve in water, fonning 
the hj^droxide, the former with cvolotion of hydrogen. In acidg thp 
correspo Idling sOLlium salts are formed, all soluble in water except sodium 
pyroantiraonate, which is almost insoluble in water, and the fluosilicate 
sparingly soluble. 

The nitrate and chlorate are ddiqnesmnt. The carbonate (10 aq), «ul- 
phate (10 aq), sulphite (8 aq)^ phosphate (1^ aq), and the acetate (3 aq) are 
efflorescent. 

G, EeactioiiB. a. — As reagents sodium hydroxide and carbonates act in 
all respects like the corresponding potassium compounds, which see. 

h.—By the greater solubility of the picrate and acid tartrtitc of sodium, that 
metal is separated from potassium (§205, 6/j)* e. — Sodium nitrata occurs in 
nature in large quantities; a.<i Chili saltpeter, used as a fertilizer, for the manu* 
factnre of nitric acid, with KCl for making ENO| , etc. 

J.— Sodium phosphate, Na^HPO^ , is much used as a reagent in the 
precipitation and estimation of Pb , Mn , Ba , Sr , Ca , and Mjf . The 
phosphates of all metals except the alkalis are insoluble in water (lithium 
phosphate is only sparingly soluble (§210, 5c), soluble in acids). Solu- 
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tiona of alkali phosphates precipitate solutions of all other metallic salts 
as phosphates (Becondaryj tertiary or hai^ic) except : HgCL prceipitates a^ 
a basic chloride (§58, 6d), and antimony ae oxide or oxjchloride (§70, 6<f). 

t\ f, Sf h, — As reagents the Rodium sal is rt^aat smiElar to the corresponding^ 
potassium solts» which see. L— Sodium fliiosilicAte la soluble in lo:i.3 purts 
H,0 at 17,5^ and in 4a&G parts at 100* (Stolba> Z., 18T2, 11, IQO); hence is not 
precipitated by fiiiosHicic acid except from very concentrated solniion.'* 
(separation from K). /,— Sodium platinici chloride, \NaCl),FtGl^ , crystallizes 
frcim its conceiitratecl f^ohitions in ml ]>risrns, or prisnuitic needles (distinction 
from potasBinm or ammonium), A drop of the solution to be tested is slightly 
acidified with hydrochloric aciii from the point of a f^lass rod on n slip of g^lass, 
treated with two drops of solution of platinic chloride, ieft a short time for 
spontaneous evaporation and crystallization, and observed under the micro- 
Boope. 

l\ — Solution of potassium pyroantimonate, K^H^Sb^O- , produces in 
neutral or alkaline solutions of sodium salts a slow-fomiing, white, cr^'stal- 
line precipitate, Na^^H^Sb^O^ , almost insohihle in cold water. The reagent 
must be carefully prepared and disi^olved when required, as it is not per- 
manent in solution (§70, 4c). 

7. Ignition. — Sodium bicarbonate, NaHCO,, , loses H.0 and CO^ at 12o° 
becoming NaXO^^ ^ no further decomposition til! 400^ when a very small 
amount of KaOH is formed (Kirsling^ Z, angew*, 1889, 332). 

Sodium compounds color the flame intensely yellow, the color being 
scarcely affected by potassium (at full heat), but modified to orange-red 
by much lithium, and readily intercepted by blue glass. Infusible com* 
pounds may be ignited with calcium !?ulphate. The test is interfered with 
by some non-alkali bases, which should be reraoTcd (§§211 and 212), 

The spectrum of sodium consistfi of a single broad band at the D line in 
the yellow of the sohir spectrum separable Lnto two bands, B^ and D,, , by 
prisms of higher refractive power. 

The amount of sodium in the atmosphere, and in the larger number of 
substances designed to !>o " chemically pure ** is siifllcient to give a dis- 
tinct but evanescent yellow color to the ilame and spectrum. 

B. Detection. — Sodium is usually detected by the color of the flame, 
yellow, in absence of the heavy metals. In the usual process of analysis 
the presence or absence of sodium is determined in the presence of 
magnesium (as Na;HP04 is the usual reagent for the detection of mag- 
nesium, it is evident that the presence or absence of the sodium must be 
determined before the addition of that reagent) ; and as that metal gives 
a yellowish color to the flame it must be removed if small quantities of 
sodium arc to be detected. For this purpose the filtrate from Ba , Sr and 
Ca is evaporated to dryness and gently ignited to expel all ammonium 
salts; then taken up with a small amount of water and the magnesium 
precipitated as the hydroxide with a solution of barium hydroxide* After 
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filtration th(? barium is removed by (NH^j^CO^ or H^SO^ and tho filtrate 
tested for sodium by the flfline or by thti pyroantiinonate test (6A*). 

9. EstlmatlQii,— (/) If present n» hydroxkle or carbonate, by titration with 
atand«rfl acid (Liing^e, Z. tingtir., 18&7, 41), {£) By coti verting^ into the chloride 
or sulphate and weig-hing- as sQcli, (.J) In presence of potasBinm by converting 
iBto the chloride* weig^hing as such, then estimating^ the nmonnt of chlorine 
with AgNO, and co,mpnting the amonnts of K and Ha. (4 It la precipitated 
by E^H.Sb^O, und dried and weighed m Na,H,SbA ■ 

10. Oxidatioii-— Sodium ranks with potassium as a very powerful re- 
ducing agent. It is not quite so violent in its reaction and boiug much 
cheaper m almost universally used instead of potassium. Sndiuin peroxide 
may act both as a reducing and o?:idizlng agent. The action is similar to 
HjjOa in alkaline solution, which see (§244, 6). 



§207, Ammonium* {ITHJ'. Valence oue. 

1, Propertiea.— iS7ifW/?r ^mi'ity of NH* gusi, 0,589 (FehUng, J, 3S4); of the 
liquid, 0.6234 at O** (JoMy, A,, 1861, 117, 181). The liqnid boils at —33,7**, at 
«' the liquid has a tension of 4.8 atmosphereB (Biinsen, f'fm^* IH'A^, 46, 95), 
Liquid ammonia is a colorless mobile liquid, burns in mr when heated or in 
oxyg-en without being" previously heati*d. At ordiiiary temperature it is a gas 
with very penetrating odor. It burns with a greenish-yellow flame, and com' 
binea energ-eticaliy %vitb acids to form salts, the radical NH, bempf monovalent 
and acting in many reapects similar to K and Na . At 0° one volume of water 
absorbs 1049. *i volnraes of the gas; at 15*, 121.22 Tohimea (Carius, A., lS5f*, 90, 
144)* One gram of water, pressure 760 mm, and temperature 0**, absorbs 
0.899 R^nm of NHat with temperature 1G^ 0.5 7fi pram (Sims, 1., ISfll, 118, B4&), 

2. Occurrenc^.-Free ammonia does not occur in nature. Various ainmonlum 
salts Ofe«r widely distrilititt'd: in rain water* in many mineral waters, in almost 
all plants, amon|? the products of the decay or decomposition of nitroR-enoua 
organic bodies, etc. 

3. Preparation, — It is obtained from the reduction of nitrates or nitritt's by 
nascent hydro|rcn in alkaline solution, f. &., «A1 + r^KOS + .iKNO, + EiH^O ^ 
fiSAlO, -h 3irH,; by the reduction %vith the hydrogen of the zinc*copper couple; 
by boiling orf^anic com pounds containing nitrogen with EMnO« In strong 
alkaline solution (as in water analysis); also by the oxidation of nitrogen in 
organic bodies with strong sulphuric (Kjeldahl method of nitrogen determina- 
tion). It is prepared on a larger Ecale by heating an ammonium salt with Hme 
(or some other stronp base). Nearly all the ammonium hydroxide and am- 
monium salts of commerce are obtained as a by-product in the production of 
inuminating- gas by the destructive distillation of coal. 

4, Hydroxide* — Ammouium hydroxide^ NH^OH , is made by pa&sing 
ammonia, ITH^ , into water. The gas is absorbed by the water with great 
avidity, and a strongly alkaline solution is produced. A solution having 
a sp. gr, of 0,90 at IS*" contains 28.33 per cent of WK,^ (Lnnge and Wiernik, 
Z. angew., 18S9, 183). 

5* Solubilities, — Ammonia, NH3 , and all ammonium salts are soluble in 
water, Auimonia dii?solves less readily in a strong solution of potassium 
hydroxide than in water* The carbonate (acid), and phospliate are efflorea- 
cent. The nitrate and acetate are deltqueMeni^ the sulphate slightly deli- 
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B. Keactions* a. — Tho fixed alkali hydroxides and carbonates liberate 
ammonia, HH^ , from all miinionium salt&, in the cold and more rapidly 
upon heating. Ammoninm hydroxide, volalik alkali, colors litmns blue, 
nc?iitralizes acids, forming salts, and preci])itates solutions of the metals of 
the first four group??, manganese and magnesium salts imperfectly; due to 
the solubility of the hydroxide formed, in the ammonium salt produced 
by the reaction, and with these metals if excess of ammonium Ralt*i he 
present no precipitate ^11 be formed by the NH^OH . The precipitate is 
a hydroxide except: with Ag and Sb it is an oxide, with mercur)' a sub- 
Btitutod ammonium salt and with lend a basic salt (see below, k and I), 
With salts of Ag, Cn^ Cd , Co . Ni , and Zn the precipitate redisgolves in 
excess of the reagent. Ammonium carbonate, (NK^j^COg , is unstable and 
used only in solution. It is formed by adding ammonium hydroxide to a 
Bolution of the acid carbonate of commerce. It precipitates solutions of 
all the non-alkali metals, chiefly as carbonates except magnesium salts 
w^hich are not at all precipitated, as a soluble double salt is at once formed 
(separation of Ba , Sr , and Ca from Mg). With salts of A^ , Cn ^ Cd , Co , 
Ni, and Zn, the precipitate is redissolved by an ei^cess of the ammonium 
carbonate, 

h — -Dilute solutions of picric acid with ammonium hydroxide form in- 
tensely colored yellow solutions, a precipitate of ammoninm picrate is 
formed if the solutions are quite concentrated. Tartaric acid precipitates 
ammonium salts very closely resembling the precipitate of potassium acid 
tartrate. The ammonium salt is more soluble in w^ater than the potas- 
sium salt and does not leave KgCO^ upon ignition. Sodium nitroferri- 
cyanidCj IIa^re(NO){CN)s, added to a mixture of NH.OH and H,S 
[(NHJ.S] gives a very intense purple color, characteristic of alkali 
€ulphides and the manipulation may be modified so as to give a very deli- 
cate test for the presence of an alkali hydroxide or of hydrosulphuric acid. 
In no case, however^ can the H„S be directly added to the sodium nitro- 
ferricyanide as it causes oxidation of the sulphur. To test for ammonia 
the gas should be liberated by XOH and distilled into a solution of H^^S ; 
and this solution added to the l^a.Fe(N0)(CN)3 , 

r.-^Ammoniuni nitrite, NH^NOg , is uEsed in the preparation of nUrogen 
i%23^, 3); ammonium nitrate iu the prepftration of nitrons oxide, N,0 , 
'* laughing gas " (5337). d. — Ammoninm phospkatet as a reagent » acta 
similarlv to Rodium phosphatts AVht'o sotlinm phosphate, Na.HPO, * is nsed to 
precipitate metals in the presence of fiinmoniym hydroxide, a dmible pliosphate 
of the tuetal and ammonium is frequently formed as MnNH^FO^ , M^NH^FO^, 
etc. By some eliemista niicroeosinic salt, HaNH^HPO* , is preferred to sodium 
phosphate, Na^KPO^ , as a reagrent. 

e. — When ammonium hydroxide is saturated with H.S , ammonium std- 
pUde, (irajsS , is formed. Complete -saturation is indicated by the failure 
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to precipitate magnesium salts, that is, NH^OH precjpitateB magnesium 
salts while (1^4)28 does^ not. Freshly prepared ammonium sulphide is 
colorless, hut upon standing becomes yellow with loss of ammonia and 
formation of the poly-sulphides^ (NH^j.S^ . The yellow poly-sulphide 
may also be formed by dissolving sulphur in the normal ammonium sul- 
phide* As a precipitant ammonium sulphide acts similarly to the fixe{l 
alkali sulphides* The sulphides of SV" and Sn'^ are with great dilBculty 
soluble in the normal ammonium sulphide, but readily soluble in the 
poly-sulphide. Nickel sulphide, HiS, is insoluble in normal ammonium 
sulphide but is sparingly soluble in the yellow poly-sulphide (distinction 
from cobalt). (ITHJjS gives a rkh purple color with sodium nitroferri- 
cyanide (h). Ammonium sulphate as a precipitating reagent acts similar 
to all Boluhle sulphates (§20fi, Be). x\ 25 per cent solution of (NHJjjSO^ 
is used to dissolve CaS04 (§188, 5c) (distinction from Ba and Sr). 

f. — Ammonium chloride is much used as a reagent It prevents pre- 
cipitation of the salts of Mn by the NH^OH , and is of special value in the 
precipitation of the third group us hydroxides and the fourth group aa 
sulphides by preventing the formation of soluble colloidal compounds. 
The solubility of the precipitates of the carbonates of the fifth group is 
slightly increased by the presence of ammonium chloride; i. e.^ very dilute 
solutions of barium chloride are not precipitated by ammoniura carbonate 
in presenco of a large excess of ammonium chloride. The salts of mag- 
nesium are not precipitated by the alkalis or by the alkali carbonates in 
presence of ammonium chloride. The solubility of Al^OH)^ is diminished 
by the presence of NH.Cl (§124, Ga, and pl7)* 

ti, ti. — Similar as reagents to the eorrespomlmer polasfiium salts, -f.^Fluo- 
idlicic acid, HjSlF^ , iloe« not precipitnte ammonjtmi salts, the nmmonhim 
fluo^i Ucnte bet tig very soluble in water (distinction from potassium), /.— Plat- 
inum ehlorftk\ FtCli , forms with ammonium stilts the yellow double ammoniutn 
platinum ehloridtr» (WMJuPtClp , very closely resembling' the potassium salt 
with tbe same reagent, but upon ig-nitiou only the spongy metallic platinum 
is left, L e., no chloride of the alkali metal, as KCl . 

h — A solution of potassium mercuric iodide, K.HgI^, containing also 
potassium hydroxide — Uessler's test * — produces a brown prcctpUate of 
nitrogen dimereurie iodide, NHg J , dimercur-aramonium iodide (§fi8j0ri), 
soluble by excess of KI and by HCl ; not soluble by KBr (distinction from 
HgO): 

NH, + 2HgI, = Jrag,I + 2MX 

NH.OH + JK.Hgl, + 3K0H = NHg,I 4- 7KI + 4H,0 

• Tbis reageat may be prepare^l im follows i To n solution of mercuiic chloride add Bolutloo 
of potussium lodldo till the preclpitoto is nojirly ull redleidnlvva j then mUl solution of i^otasslucn 
b^droxld*.^ iiiiiini'lf^nt to lii>ciriit<> nmnintiia Tram ummontumealts: leave utitiJ thv liquid hecomoa 
«}««, and decant from any remain Hi k aijdiment. 
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This verj' delicate test is applicable to ammonitim hydroxide or salts; 
traces forming only a yellow4o brown coloralion. The potassium mercuric 
iodide, *' Meyers Hoagent/' alone, precipitates the alkahids from neutral 
or acid solutions, but does not precipitate ammonium salts from neutral 
or acid solutions. Ammonium hydroxide in alcoholic soliition does not 
give a precipitate with Nessler's reagent^ hut from this solution a preeipi* 
tato is formed with HgCL (T)c Koninek, Z., 1S93, 32, 188). 

/.-Mercuric chloride, HgCl^ , forms, in solutions of ammonium hy- 
droxide or ammojiium carbonate, the "white precipitate'* of nitrogen 
dihydrngen mercuric chloride, NH.Hf CI , or mercur-ammonium chloride. 
If tlic ammonium is in a salt* not carbonate, it is changed to the carbonate 
and precipitated, by addition of mercuric chloride and potassium carbonate 
previously mixed in solutions (with pure water), so dilute as not to precipi- 
tate each other (yellow). This test is intensely delicatej, revealing tht 
presence of ammonia derived from the air by water and many substancop 
(Wittstein, Ardu Pharm., 1873, 203, 327). 

m. — Adtl a small quantity of recently pr(K?jpitated and well-washed silver 
chloride, nm}. if it clo<»s not difisohr. after agitation, then iidd a little potjis^sium 
hydroxide Einliition. The solution of the A^l . hrfore the iiddition of the tixetl 
aUcallt tndicateB free ammonia: tffter the addition of the fixed alkali* ammonium 
Ealt. ( Applicable in nbspfiee of thiosulphates. iodides, bromides a^^d sulpho- 
cyanateK.) 

IL — Sodium phoaphomolybdate (§75, M) precipitates ammonium from nentral 
or acid solutions; aleo precipitates the alkaloids, even from very dilute boIu- 
tions, and, from concentrated Bolutions, likewise precipitates K* Bb and Cb 
(all the fixed alkalis except Na and Li). 

7, IgTiitlon.— Heat vaporizes the cnrbonat^?* and the haloid salts of am- 
monium, undecomposed (dissociated but reuniting' upon cooling-); det-omposes 
the nitrate with formation of nitrous oxide arid water, and the phosphate and 
borate with evolution of ammonm. JBfHs heated to 7S0^ or hig-ber is dissociated 
into N and H (Ramsay and Young:, J, C 1834, 45, 89). 

|i 8. Detection. — As amfnonium hydroxide and chlaride are used in the 
regular process of analysis^, the original gtolution must be tested for the 
presence or absence of ammaniura compounds* The hydroxide or the 
carbonate may be detected by the odor (1); the action on red litmus paper 
suspended in the test-tube above the heated Bolutinn; the blue color im- 
parted to paper wet with copper sulphate; the blackening of mereurous 
nitrate paper; and if in considerable quantity, the white vapors when 
brought into contact with the vapors of volatile acids. In combination 
as salts the gas is liberated by the fixed alkali hydroxides or carbonates 
(oxides or hydroxides of Ba , Sr , or Ca may be used) and distilled into 
Nessler's reagent, or collected in water and the test with HgCU (i}I) applied 
or any of the tests for ammonium hydroxide. 

^, Bstunatlon. — Ammonlnm salts are usnally estimated hy distillation into a 
standard aeid, from a solution niaile alkaline ^ith KOH , ivnd titration of the 
excels of the acid with a staodard NH^OH sohilion, uising tincture of cochineal 
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ns an imlicator^ It may hi! converted into the chloride and precipitated by 
PtCl* and weighed as the double platinum salt, 

10. Oxidation.^Aiiimoiiium sail^ in fsolution, treated with chiorinc gas, gem* 
trate the unstable and violently explosire ** nitrogen chloride" (^NCi,?) {*i}. 
The &ame product is liable to an«je from solid ammonium salts treated w^ith 
chlorine* tiaseous ummonia, and aomioninm hydroxide, with chlorine gus, 
g^enerate free nitrogen (6), a little ammonium chlorate being formed if the 
ammonia is in exeesa, Hjfpochtorite^ or fiifimltrttmilfH (or chlorine or bromine 
dissolved in nqueous alkali, so aa to leave ata alkaline reaction) liberate^ from 
dissolved ammonium salts, all of their nitrogen (as shown in the second equa- 
tion of b); the measure of the nitrog-en gas being a means of quantitative 
estimation of ammonium. With iodine, ammonium iodide and the explosive 
lodamides (c) are produced; or under certain eoiiilltions an iodate (d). Ammo* 
ulum hydroxide is liable to atmospheric oxidutjon to ammonium nitrite and 
nitrate. Permanganates oxidize to nitrate (e) (Wanklyn and Gamgee, J, C, 
1868, 21, 29). In presence of Ott the O of the air oxidizes the nitrogen of 
ammonia to a nitrite (/) (Rerthelot and Saint-Gilles, A. Cft., 18G4, (4), 1, 381). 
Ammonia is somewhat readily produced from nitric acid by strong reducing 
agents (ij). It is formed with carbonic anhydride, in a w^ater solution of 
cyanic acid, and, more slov^^ly, in a water solution of hydrocyanic acid. It is 
g-enerated, by fixed alkalis, in boiling solution of cyanides (h); also in boiling 
solutions of albuminoids and other nitrogenous organic compounds, this forma- 
tion being hastened and increaiied by addition of permanganate (Wanklyn*s 
process). Fusion with fixed alkalis transforms all the nitrogen of organic 
bodies into ammonia. 

(a) HH.Cl -h mh — NCla + 4HC1 

(&) 8NH. + 3C1, ^ tiNH,Cl + K, 

2NH,C1 -h 3CL = sHCl + ^» 

(c) SNH. -h r. — NH,I -f NH,I 

(d) 61IH,0H + 31, — 5NH J + NH.IO, + ;iH,0 

it) GNH.OH + sHMnO, = :;NH,NO, + 8MiiO(OH), + 5H,0 

(f) ISCu + 2NH, + 90, = iSCllO + 2HNO3 + 2H,0 

(g) 3HN0, + 8A1 + 8K0H = HKAlO, + :jNH, -h H,0 
(A) HCN H- KOH + H,0 = NM, + KCHO, (formate). 
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1. Properties,— ,<?p£!rt/!o fimvitv, IMS at 15" (Setterber^, A„ 1882, 811, 100). 
Melting pf>ini, between 20° and 27^, It is quite similar to the other alkali 
metals: silTer-white, ductile, very soft at ordinary temperature. It bums 
rapidly whcn^eated in the air, and takes fire when thrown on water. It may 
be kept under petroleum. It is the most strongly electro- positive of all metala, 

2. Occurrence. — Widely dif^tnbuted but in small quantities; as caesium 
nluminum t^ilicate (mineral castor and pollnx) (Pisaui* C f„ 1864, 58, 715); in 
many mineral springs (Miller, C A*., 1804, 10, 181); In the ash of certain plants, 
tobacco, tea. etc. 

3. Preparation,— By electrolysiH of a mixture of CsCN with Ba(Cir),- by 
ignition of CsOH with Al in a nickel retort (BeketofF, t\ €„ 1891, (2), 450), 

4. O^lde and Hydroxide — An oxide has not yd been prepared. The 
hydroxide, CsOH , is a g-rayish- white solid, very d^Ufiti^sctnt, absorba CO, from 
the air; dissolves in water with generation of much heat, foraging a strongly 
catJBtic solution, 

5. SoliiMlltiea, — CaeBinm dissolves with great energy in 'water, acids or 
alcohol, liberating hydrogen and forming the hydroxide, salt a or alcoholate 
respectively. The hydroxide is soluble in water and alcohol. The salts are 
all quite readily soluble. The double platinum chloride, Ca^FtCl, , and the 
acid tartrate, CsHC,H,0, » being least soluble and used in preparation of the 
salts free from the other alkali metals* 
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G, Bsaetonfl.— In all its reactions similar to the other fixed filkalis. 

7. IgnitloQ. — C'neshiTTi saltB color the non-lutjilnoaa flame yiolet. The spec- 
trum g-ives tivo sharply defined Unee, Oa (i and Cs ^i, in the hlue and a third 
faint line in tbe orau^tf-red Cs j , also several faint lines in the yellow and 
g^reen* With the spectroscope thrte parts of CsCl may be detected in presence 
of 300,01)0 to -400,000 parts KCl or NaCl; and one part in prefienee of l,500,OOt> 
parts LiCl (Bunsen, /'of?^- IS75, 155, 633). 

8. Detectlon^^-By the spectroscope (7 and §210, 7). 

9- Estimation.^— (1) As the double platinum chloride; (2) as the chloride with 
HbCl , estimation of the amount of CI and calculation of the relatiTe amounts 
of the metals; (.:J) as the sulphate obtained from ignition of the acid tartrate 
and treatment with HiSO, (Bunsen, Pofjg-t l^G^t 119» l). 



§209. EnbidiTun. Eb — 85.4 . Valence one, 

L Fropertlefl,— Sppci/?c ffravitjf, 1,52 (Bunsen, A^, 1863, 125, 367). Melting 
ptHnt^ 38.5°; at — 10° soft as wax. A lustrous silver- white metal with a tinge of 
yellow, oxidizes rapidly in the air, developing- ranch heat and soon igniting, 
Volatilt? as a blue vapor below a red heat. The metal does not keep well 
under petroleum, but la best preserved in an atmosphere of hydrogen. Next 
to caesium it is the most electro- positive of all metals. 

2. Occurrence. — Widelj^ distributed in small quantities, usually with caesium, 
and frequently with the other alkiill metals, always in combination. None of 
the alkali metals can oecur free m nature. 

3. Preparation, — From the mother liquor obtained in the preparation of Li 
salts (Heintz, J. pr., 18C2, 87, 310): (1) By ij^nition of the aeid tartrate with 
charcoal; (2) tOect rolysis of the chloride; (J) by ignition with Mg- or AI 
(Winkler, il„ ISUO. 23,\'Jl; Beketoff^ B., 1SH8, 21, c, 424). 

4. Oxide and Hydroxide.— The oxide RhjO has not been with eertalnty pre- 
pared. The hydroxifle, BbOH , in formed when the nietol ij^ decomposed by 
water; also through the action of BaCOH), upon Bb^SO^ , It is a gray-white» 
brittle mass, melting under a red heat, 

5. Solubilities, — The metal dissolves in cold water, in acids and in akohol 
with great energy, evolving hydrogen. The hydroxide is readily soluble in 
water with generation of heat. The salts are all quite readily soluble. The 
acid tartrate is about eight times less soluble than the corresponding Cs salt. 
Among the less soluble salts are to be mentioned the perch lorjite, the fluosili- 
cate, the double platinum chloride, the silicotungstate, the picrate, and the 
phosphomolybdate. The alum is less soluble than the corresponding potassium 
alum, 

fi. Beactiona,— Similar to the other fixed alkalis, 

7. IgTiltion.—Tlie salts give a violet color to the flame. The spectrum givef* 
two characteristic lines in the violet, Bb « and Bb ^J; two less intensive in the 
outer red, Bb > and Bb *l; a fifth Bbrin the orange; and many faint lines in the 
orange, yellow and green. As small a quantity as 0.0O0OO03 gram of BbCl can 
be detected (Bun sen, Lc). 

8, Detection. — By the spectroscope (7 and |210, 7>. 

0. Estimation,— ( /) By weighing ^%ith CsCl as the chlorides, determining the 
amount of CI and calculating the proportion of the metals; (2) as the double 
platinum chloride. 



§210. litMum. Li ^ im . Valence one, 

1, Properties.— ^^prrf/fr gtnritiu 0.50^6, the lightest of all known solid bodies 
(Bunsen and Matthiessen,\l., 1855, 94, 107). JfrfNtif/ pftini, IRO''; does not vaporize 
at a red heat. It is a silver-white metal with a grayish tinge; harder than 
K or ITa but softer than Pb , Oa or Sr; it is tough and may be drawn into 
wire and rolled into sheets. It is more electro-positive than the alkaline earth 
metals but less electro-positive than K or Ka . The pure metal is quite similar 
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in appearance and in it a cheralcpl properties to K and Na , but does not react 
so violently as those metals. It does not ignite in the air until heated to 200*, 
and then bur»s quietly with u very intense white light. It also burns with 
vivid incandescence in CI , Br , I /O , S and dry CO, , It decomposes water 
readily, forming' LiOM and H . but not with combustion of the hydrogen or 
ignition of the metat. 

2. Occurrence,— it is a sparingly bnt widely distributed metaL Usually pre* 
pared from lepidolite, triphylene or petalite. Traces are found in a great 
many minerals, in mineral springSp atid in the leaves and ashe« of many plants; 
c. (?., coffee, tobacco and an gar-cane, 

3, Fraparation.— It is prepared pure only by electrolysis, usually of the 
chloride. A larger yield is obtained by mixing the LiCl with NH«Cl or KCl 
(Giantz, C r„ 1893, 117* 732). The metal is also obtained by if^mition of the 
carbonate with Mg ♦ bnt the metal is at once vaiM>rized and oxidized. 

4. Oxide and Hydroxide.— It forms one oxide^ LijO , by heating the metal 
in o?cygen or dry iiir; cheaper by the action of heat upon the nitrate. The 
corresponding hydroxide, LiOH I is made by the action of water upon the 
metal or its oxide; cheaper by heating the carbonate with calcium hydroxide. 

5. Soliibllitlefi,— The metal is readily soluble in water with evolution of 
hydrogen, forming the hj'droxide: soluble in acids with formation of salts. 
The oxide, JA^O , dissolves in water, forming the hydroxide. The most of the 
lithium salts are soluble in waten A number of the salts, including the 
chloride and chlorate, are very delfquf^^cent. The hydroxide, carbonate and 
phosphate are less soluble iti water than the corresponding compounds of the 
other alkali metals. In this respect lithium shows an approach to the alkaline 
earth metals, IiiOH in «oluble in 14,5 part^ water at 20* (Dittmar, J. 5w. Ind,, 
1888, 7* 730); LiXO^ in 75 parts at 20*» Ll^PO. in 2539 parts pure water and 
3920 parts ammoniacal water, mnre soluble in a solution of NH|CI than in 
pure water (Mayer, A., ima, 08» 193). 

6, Beactlona,— Lithium salts in general react similar to the corresponding- 
potassium and sodium salts. ITiey are as a rule more fusible and more easily 
decomposed upon fusion. Soluble phosphates precipitate lithium phoftphate^ 
more soluble in NH^Gl solution than in pure w*ater (distinction from mag- 
nesium). In dilute solutions the phosphate iw not precipitated until the solu- 
tion is boiled. The delicacy of the teM \^ in created hy the addition of ITaOH,, 
formings a dotible phosphate of Na and Li (Rammelsberp-, A. Ch,, 1818, (2), 7» 
157), The phospjhntp dissolved in HCl is not at once precipitated by neutralf^- 
inR- with NHiOH (distinction from the alkaline earth metals), Nltrophenic 
acid forms a yellow precipitate, not easily soluble in water. 

7, Ignition, ^Compounds of lithium impart to the flame a carmine-rfd color,. 
objicured by sodium* but not by small quantities^ of potassium compounds. 
Blue glass, just thick enough to cut off the yellow lip-ht of sodium, transmits 
the red lig-ht of Jithlnm; but the latter is intercepted by a thicker part of the 
blue prism, or by several plates of blue glass. The spBctrum of lithium con- 
sists of a bright red band, Li ra, and a faint oranjfe line, LI 0, The color 
tests have an intensity intermediate between those of sodium and potassium. 

R. Detection,— B// Ihe upeeiroMt^ijie.—'To the dry chlorides of the alkali metals 
a few drops of HCl are added and the mass extracted with ^0 per cent alcohoL 
The solution contains all the rare alkalis and some Na and S , Evaporate to 
dryness, dissolve in a small amount of water and precipitate with platinum 
chloride. The double platintjm and potassium chloride is more soluble than 
the correspond ing- salt of Bb and Cs . TSoil repeatedly with small portions of 
water to remove the potassium, and frequently examine the residue by the 
spectroscope as follows: Wrap a small amount of the precipitate in a moistened 
filter paper, then in a platinum w-ire and carefully char. After charrinq- is 
complete, J^rnlte before the spectroscope- The K ispectrum growls fainter, that 
of Bb and Cs appear. 

Evaporate to drjmess the filtrate from the precipitate of the platinum double 
salts, add oxalic acid and ignite, moisten with HCl, evaporate and extract with 
absolute alcohol and ether. Upon evaporation of the extract LiCl is obtained^ 
almost pure. Test with the spectroscope and by forming the insoluble phoa- 
phate« 
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0, Zstimatlon. — After fifparation froin other elements it may he weigrhed as 
a sulphate, carbonate or phosphtite, LijPO* . It may also be estimated by the 
comparative mtensity of the Unes in the spectroscope (Bell, Am., 1880, 7, 35), 



DiBECTlONB FOR THE ANALYSIS OF THE MeTALS OF THE AlKALI GHOIJP 

(Sixth Ghoup). 

§211, If the inateml is found not to contam ma^esium, the clear 
filtrate from the rarhonutt^s of Ba , Sr , and Ca , after tcstiiig for tTRcm 
with (NH^}2S0^ and (}S:E^)X^0^ (§183), may at once be tested for the pres- 
ence of potassium and aodiuin. If magnesium be present it should be 
removod in order to test for small amounts of sodium. Fota&^ium and 
large amounts of sodium may be readily detected in the presence of mag- 
nesium. It is evident that the magnesium must not be removed by the 
usuiil reagent used to detect the presence of that element, L e. Ka .HPO^ . 
It is reconunended by many to use ammonium phosphate* (NHJ^^HPO^ - 
This reagent removes the magnesium, and permits the application of the 
flame test for the fixed alkalis ; but the presence of the phosphate obstructs 
the gravimetric determination of the alkalis. The phosphate may be 
removed by lead acetate and the excess of the lead by hydrogen sulphide, 

§212* As a better method it is directed to evaporate the filtrate con- 
taining the magnesium and the alkalis to dryness, ignite gently to remove 
the ammonium salts. Dissolve the residue in water and add Ba(OH)^ to 
precipitate the magnesium as Mg{OH)a (§§177 and 182). After filtration^ 
the excess of barium in the filtrate is removed by H^SO^ , and the fUtrate 
from the barium sulphate is ready to be tested for the fixed alkalis by the 
flame test or by gravimetric methods as may be desired. The presence of 
sodium obscures the flame reaction for potassium, but the introduction 
of a cobalt glass (§132, 7) or an indigo prism cuts out the sodium flame 
and allows the violet potassium flame to be seen* Study 6, 7, 8, and 9 of 
§§206 and 206. 

§213. The free use of ammonium salts during the process of analysis 
makes it necessary that the testing for ammonium be done in the original 
solutioiL or in the filtrate from the Tin and Copper Group. 

Add an excess of KOH or NaOH to the solution and warm gently. Notice 
the odor (S207» 1)» Suspend a piece of moistened red litmus paper in 
the test-tube; in the presence of ammonia it will be changed from red 
to blue color. To detect the presence of small amounts of ammonium 
salts, heat the strongly alkaline mixture nearly to boiling and pass the 
evolved gas into water. Test this solution (ammonium hydroxide) with 
Nessler's Reagent (§207, 6k) or by the precipitation with ^Cl^ (§207, 61). 
Study ^207, 6, 7, 8* and 9. 

§214, The rare metals of the Alkali Group: lithium, rubidium^ and 
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caesium, are rarely met with in the ordinary analyses. If their presence 
is suspected they are tested for and detected by the spectroscope (7, §§208, 
209 and 210). 

§216. Lithium, because of the insolubility of its phosphate (§210, 5c), 
interferes with the detection of magnesium. If the filtrate after the 
removal of barium, strontium, and calcium be evaporated to dryness and 
gently ignited to remove all ammonium salts; the residue, dissolved in 
water and treated with an excess of barium hydroxide, will give a precipi- 
tate of the magnesium as the hydroxide, leaving the lithium in solution. 
The barium hydroxide precipitate may be tested for magnesium and from 
the filtrate the excess of barium hydroxide may be removed by sulphuric 
acid before testing for the alkali metals. 



PART III.-THE NON-METALS. 



§216. Balancing Equations in Oxidation and Reduction. 

Statement of Bonds in Plus and Hinns Nnmbers,* according to chemical 
polarity, positive and negative (see §3 footnote). 

In the terms of this notation the plus bond is the unit of Oxidation 
and the minus bond is the unit of Reduction. 

A bond, that is a unit of active valence, is either a plus one or a minus 
one. The formula of a molecule of hydrochloric acid is stated, H+^CI~^ 
That of water, (H"'"')20~". (The plus sign is understood when no sign is 
written before the valence number.) 

Plus and minus bonds are represented as positive and negative quan- 
tities. In the formula of hydrochloric acid, as above, the difference 
between the polarity of the hydrogen atom and that of the chlorine atom 
is stated as a difference of two. 

In any compound the svm of the plus bonds and the minus bonds of the 
atoms forming a molecule is zero. 

Free elements, not having active valence, have zero bonds in this 
notation.! 

The Oxidation of any element is shown by an increase, and its Reduction 
by a decrease, in the sum of its bonds. 

When one substance reduces another the element which is reduced 
loses as many bonds as are gained by the element which is oxidized. 

It is evident that, changes in valence being reciprocal in oxidation and 
reduction, there is no gain or loss in the sum of the bonds of two elements 
which act upon each other. 

The use of this notation is illustrated in the following equations : 
3SnCl, + H,SO. + 6HC1 = aSnCl^ + H,S + 3H,0 

In this equation the three atoms of tin gain six bonds; the bonds of the 
sulphur in the H2SO3 have then been diminished by six; that is, it has 
given up six bonds to the tin, and having only four in the first place must 
now have minus two (4 -6 = -2). 

*0. C. Johnson, 0. JV., 1880, 4a, 61. See also Ostwald, Grundr. allg, C/iem., 8te Autl., 1899, S. 489. 
tJf there is polarity in the union of like atoms with each other in forming an elemental 
molecule, the sum must be zero, as in the formation of the molecules of compounds. 
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3BiiCli + HIO, + 6HC1 = BSaCl, -h HI + 3H,0 

Here also the three atoms of tin gain six bonils, antl these are furnished 
by the iodine of the HIO3 . It has five in the first place, and being 
diminished by six^ has one negative bond remaining (5-6^-1), [In 
other words, unless we deny that iodine has five bonds in HIO3 , we must 
admit that it has one negative bond in HI (written H'I~').] 

sUUmO^ H- SAsH, + 8H,S04 = 5H,AfiO, + 8MnS0, + 12HsO 

In this equation eight atoms of manganese in the first member have 56 
bondsy and a like amount in the second member has only 10, losing 40j 
and this 40 has been gained bv the five atoms of arsenic. They now have 
35, after gaining 40. They must then have had ^15 in the first place 
(25 — 40 — -15). That is, the atom of arsenic in arseoous hydrid« ha* 
-3 bonds (Afi-^'Ha). 

SnCl, + Hg€l, = Hg -f SnCl, 

This equation illustrates the statement that free elements have no 
bonds. The tin gains two bonds, and these two bonds are taken from the 
mercury in the HgCl^ . 



§217, Rule for Balancing^ Equatloni. 

The number of oxidation bonds which any element has is determined 
by the foUowing rules: 

a. Hydrogen has always one positive bond, 
6. Oxygen has always two negative bonds- 

c. Free elements have no bonds. 

d. The sum of the bonds of any compound is zero. 

e. In salts the bond of the metal is always positive. 

/< In acids and in salts the acid radical has always negative bonds. 

Thus, the bond of free Pb is zero^ but in PbCla the lead has two posi- 
tive bonds, and each atom of chlorine has one negative bond. 

In BiaSg f each atom of Hi has three positive bonds (e), and each atom of 
S has two negative bond.^ (f). 

In ammonium nitrite, NH^NO^ , or H^ ^ IT ~ — N — , the nitrogen 
of the KH4 has four negative bonds and one positive bond. The other 
nitrogen, that of the acid radical NO^ , has three positive bonds. Each 
atom of hydrogen has one positive bond and each atom of oxygen two 
negative bonds, the sum being zero: +4 — 4 + 1*1-3 — 4 = 0. 

In the fallowing salts, etc., the bond of each element is marked above, 
with its proper sign, plus being understood if no «ign is given. Then fol- 
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lows the equation in full, the bonds of each atom being multiplied by the 
number of atoms, ^nd all being added, the sum is seen to be aero. 

Hgr(NV0-^,),.2 + 10 — 12 = 

Bi'",(SviO-^,),.6 + 18 — 24 = 

Ba''(Miivno-^j,.2 + 14 — 16 = 

Pe"'(NV0-^.),.3 + 15 — 18 = 

As'"aS-^g.6 — 6 = 

If the above is understood, the rule for balancing equations is easily 
explained. 

The number of bonds ohang^ed in one molecule of each shows the number 
of the molecules of the other which must be taken, the words each and 
other referring to the oxidizing and reducing agents. 



§218. A few equations will illustrate the application of the rule. 

(1) 3A8« + 20HNO, + 8H,0 = 12H,A80« + 20NO 

The arsenic in one molecule gains 20 bonds, therefore 20 molecules of HNOg 
are taken. The nitrogen loses three bonds, therefore three molecules of As^ 
are taken. 

(2) 6Sb + lOHNO, = 3SbaO, + lONO + 5H,0 

The antimony gains five bonds, therefore five molecules of HNO, would be 
taken, and since the nitrogen loses three bonds, three of antimony would be 
taken, but since we cannot write SbxOg with an odd number of atoms of 
antimony, we double the ratio and take six and ten. 

(5) 3H,S + 8HN0, = SH^SO^ + 8N0 + 4H,0 

The S in the first member has 2 negative bonds (a and d); in the second 
member it has 6 positive, gaining 8 bonds; hence 8 molecules of HNO3 must 
be taken. The nitrogen in the first member has five bonds, and in the second 
it has two. The difference is three, therefore just three molecules of HjS 
must be taken. 

Further, the reaction may be explained as follows: 

The sulphur in the first member has two bonds (valence of two), but nega- 
tive because combined with hydrogen (two atoms) to form a definite com- 
pound; in the second member it has six bonds (valence of six), but positive 

because combined with oxygen (SO. or Sq — - ® —O^* ^^^ valence of the 
hydrogen does not change and hence in the reaction one molecule of H^S 
gains eight bonds. The nitrogen in the first member has five bonds (valence 

of five), but positive because combined with oxygen (NjO^ orH — O — N~^); 

in the second member it has two bonds, still positive because combined with 
oxygen. The valence of the hydrogen and oxygen does not change, hence in 
the reaction one molecule of HNO, loses three bonds. Now the number of 
bonds gained by the H^S (8) m\ist equal the bonds lost by the HNO, (»?). 
The least common multiple, twenty-four, indicates the least possible total 
change of valence for each compound; this requires that three molecules of 
HjS and eight of HNO. be taken, giving for the products three molecules of 
H3SO4 and eight ,of NO with four of water to complete the equation. 

(4) 3Sb,S, + 28HNO, = 3Sb.05 + 9H,S0, -f 28NO + 5H,0 

In this case, both the Sb and the S in the molecule gain bonds, and must be 
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roneiderefl. It is plain (frotii d aud e) thut each ntom of Sb g-niiis 2 bands, and 
the two in the molecule will g-atn 4, 

The S in Sb^S^ ivdn :i iii.'ir»tiie bonds, and in the second mi^mher (in HjSOj) 
it has 6 positive bonds^ a gam of 8, The three aloms In the luolefnle will gain 
three times eiKht, or 2A bonds; to this add the 4 which the Sb Itns gaitied, ntul 
we have 28 bonds g-ained by one nioleeule of Sb^S^; hence 2S molecules of HNO^, 
must be taken. We take :i of Sb^S,} for reasons explained in the first equation. 

Further explain as follows: In this case both the Sb and the S g'uin in 
valenee (oxidized). Each atom of antimony grains two bonds, a total |?ain of 
four. Each atom of sulphur fjains ei|fht. a total giiin of twenty-four; or a 
l^ain for one molecule of Sb.S^ of twenty-eig-ht bonds. As in the previous 
illustration, the nitrogen loses three bonds. The least common multiple, 
eig-hty-four, indicates that for the react ion each compound must underj^^o a 
change of at least eighty-four boiids. This requires for the Bb^S, three mole- 
cules, and for the HNO, twenty-eight molecules. The products are as indicated 
in the equation. 

(5) 2Ag,AB0, -h llZn -h nH,80« = SAsH, -j- 6Ag -h UZnSO, + nM.O 

The silver loses three bonds, and the arsenic in changing from pbts five to 
minus three loses eight bonds- this added to the three that the silver loses 
makes eleven, therefore eleven moieculeK of zinc are taken, and since the zinc 
gains two, two molecules of silver arsenate are taken, 

(e) anno -h 5Pb,0, -j- soHNO, = 3HMnO, + ir>Pb(HO,), -h 14H,0 

Tbe manganese g-ains five bonds, therefore five molecules of Pb^O^ are taken. 
The three atoms of lead in one molecule of Pb,0» have in all eight bonds, but 
a like amount has only six in the second member, being a Joss of two, there- 
fore two iQoiecules of MnO are taken. 

(7) 2MnBr, + 7PbO, + 14HN0, = 2HMnO, + 2Bt, + 7Pb(N0,), + t H^O 

The manganese gains five bonds and the bromine gains one, the two atoms 
gaining two, addinpf this to the five that the maaganese gains makes a total 
gain of seven Jjondh, therefore seven of PbO, are taken. The lead loses two, 
therefore two of MnBr^ are taken, 

(8) MmS + 4KirO, + K,CO, , fusion = K.MnO, + K:SO, + 4N0 + K CO, 

The manganese gains four bonds and the nulphvir eight, making twelves 
therefore twelve of KNO, would b** taken, and sinee the nitrogen loses three 
bonds, three of MnS would be taken, but since three is to twelve as one is to 
four, the latter amounts are taken. 

(9) sCriOH), -h :iMii(NO,)a + SK^CO, . fusion = 2K,CrO, + 

Thlfi ii a peculiar and instructive equation. The nitrof^t*" loses six bonds, but 
mnce the manganese in the smiic molecule gains four, the total loss ig only two, 
therefore two of Cr(OHh "*"*^ taken. The chromitjra gains three, therefore 
three of M2i(K0B)j are taken. 

(10) 3Ag -f 4HN0. = SAgHO, + NO + 2H,0 

The rule here calls for three of silver and one of nitric acid, but three morr* 
of unreduced nitric acid are needed to combine with the silver, making four 
in all, 

(tl) 2FeI, + tiH.SO, , cone., hot = Fe,(SO.)i + mO, + 21, + 6H,0 

The rule here calls for two of Fel^ and three of H^SOhi , but three more of 
HjSO^ that are not reduced are ncedeti to combine with the iron, making six 
in all, 

(12) 3HN0, + SAl + SKOH = 3NH, + SKAIO, + H,0 

The nitrogen has five bonds in HNO, and in NHi it has minns three, 
losing" eight, therefore eight of aluminum are taken* The aluminum gains 
three, therefore three of HNOj are taken. 
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(13) :?B10N0, + 11 Al + IIKOH = : Bi + 3KH, + llKAlO, + H^O 

The bismuth loses three bonds and the nitrogen loses eight, therefore eleven 
of jilnmliiiini are tuki^n; the aluminum g'aina three, therefore three of the 
BiONOa are tak<?n. 

{U) HnO; + 4HC1 = MnCl, + CI, + 2H,0 

The mangranese loses two bonds and the chlorine gain& one, but two more of 
tmoxidized HCl are needed to combine with the maniraneae, hence four sre 
taken. 

(tS) SCrIi + 64KOH -f 27C1, = 2K,CtQ, + eKTO^ + 54KC1 *f ?.2H,0 

The chromium p:ainfi three bond« and the iodine (in the moleeule) gains 
twent_y-four, therefore twentj-seven of Clj are taken and the CI, loises two, 
there fori- two of CrI. are taken. 

This rule holds g-ood in organic chemistry when all -the produclia of the 
reactions are koown, ues the following examplea will illustrate; 



-3+1+3-1=0 
—2+2+2^2=0 
—1+3+1— S^O 
4 — 4 = 

1-^6 + e— 2 = 
—5+3+8—0=0 
— 7 + 7+12—12 = 



CH.Cl C-' + 'HiCl-^. 

CH.Cl, C'» + ^HSC1-'*. 

CHCl, C-^ -H^Cl-',. 

ecu oci-\. 

(J) CH, + 4C1, — CCl, + 4HC1 

The carbon is oxidised by the chlorine from neg-attTe four to positiTe fotar, 
B. polarity change of eight onits> hence take eight motecutets of chlorine; each 
molecule of ehlorine loses two bonds> take two molecules of methane* Two ia 
to eight as one is to four. 

(2) 3C,H,0 + 2K,CrjO| + 8H,S0, = 3HC,HA + 2K,S0, + 

2Cr,(S0Jt + IIH.O 

The carbon of the alcohol whik^ puswes^inp a valence of eight, has an oxlda* 
tjon valence of but four (minus four bonds); in the acetic acid the two atoma 
of carbon have zero bonds, that is* the combinations with negative aflinity 
exactly equal the combinations with positive affinity j therefore take four 
molecules of the potassium dichromate* Thi? two atoms of the chromiuin lose 
six bonds, take six molecules of the alcohoL Six is to four as thr€*e to two. 
Eight molecules of sulphuric acid are necessary to combine with the potaaajujn 
and the chromium, 

(S) 3C,H,0s + HHKO, = 0CO, + 14N0 + 19H,0 

The three atoms of the carbon in the g'lycerine have minus tw^o bonds (the 
negative affinity is two more than the positive affinity )» and in the CO, a like 
amount has twelve bonds, a gain of fourteen. The nitrogen loses three bonda. 

U) C,H„0, + tSH.SO, = GCO, + 12&0, + 1SH,0 

The earhon in the dextrose has zero bonda (equal positive and negative 
affinity combinations) and gains twenty-four bonds, while the sulphur loses 
two bonds. The lower ratio is one to tw^elve. 

For convenience of reference the non-metallic elements will be de- 
scribed in the order of their atomic weights; and the acids in the order 
of the degree of oxidation of the characteristic element:, e. j,, IT before S , 
HCl before HCIO , HCIO, before HCIO, , etc. 



^210. Hydrogen. H =^ 1.008 . Valence one. 

1. Prop«rttes.— An odorless, taatelesa gas. It ia the lightest body known: 
One litri' at U""* T*iO mm. atmospheric pressure, weighs U-Utjy52289 gram [ouit 
crith); i*pevitic gmritu, 0,0By49 (Crafts, C\ r, 1888. 106, 1652). It is used for 
fiiliiig balloons; also iljutniniitiug gr^is, containing about .>0 per cent of hjdrog-en, 
IS frequently used because it is much cheaper. It is a non-poisonous gas, but 
causes death by L-xcIusion of air. Jt hiia bium liquified to a colorless trans- 
parent liquid by cooling to ^220° und^r ^reat pressure and then allowinf?- to 
expand rapidly ^(Olszewski* C. r.. 1SS4, 99, i:i3; IS85, 101, 2:i8; Wroblewski, V. f\, 
1885. 100* UT9). CriticiJl tempcratui'e, ^2;i4.5*'; rriiix^l premufTy 20 atmospheres i 
holVtntj pmnL —343.5** (Olszewski, Phil. Mop., isyn, (J), 40, 202), It diffuses 
through wails of paper, poreelain, heated platinum, Iron, mid other metals 
more than any other gas (Cailletet, C. r„ 1864. 68, ^27 and 1057; 1*5G5, 60, :s44; 
1868, 66, 647). It is absorbed by charcoal and by many metals, especially 
puUadium; which, heated to 100° in an atmosphere of hydrogen and then 
cooled in that atmusphere, absorbs at ordinary temperatures 9B2.14 volumes of 
hydrogen (Graham, .f. f\, 18G0, 22, 41i>>. This occluded hytlrogen acts as a 
Btrong redudug agt'nt, reducing FeClj to FeClj , HgCl, to Hg^* , etc. It is a 
better fonductur of sound than air (Bender, i?., liSTil, 6, r>G3). It conducts beat 
seven times better than aJr or 480 times poorer than iron (Stefan, i\ (\, 1875, 
529). It refracts light more powerfully tban any other gas and about six 
times more than air. It burns with a non-luminous flame and with gent^ration 
of much heat (more than an equal weight of any other substance or mixture 
of fiubstnuces). Hydrogen forms two oxides: water, H^O , and hydrogen 
peroxide, H^Dg (§244). 

2. OccuTrence.— In volcanic gases (Bunsen, Fof?f?., 1851, 83, 107). In pockets 
of cert n ill Stassfurt salt crystals (Precht, B.^ 1886, 19, 2^26), As a product of 
the decay of organic material, both animal and vegetable. In combination as 
Tvater and in innumerable minerals (H^O and OH) and in organic compounds. 

3. rormatiozi, — (a) By the reaction of alkali metals with water, {h) By 
the action of superheated steam upon heated metals or glowing coala 
(§22S, 4a}. (c) By dissolving alunimiim or certain other Tnetals in the 
fixed alkalis, (d) By the action of many metals with dilcte aeida (seldom 
HKO,-i)' By heating ]iotassinm formate or oxalate with KOH : K.C.O^ + 
2K0k = 2K:X0, + H,. (Pictet, J, CK 1^78, (5), 13, 21(j). 

4. Preparation. — (a) By the action of dilnte sulphuric acid (one to 
eight) on commercial or platinized zinc* (gl35, 5a). The Boltition must 
he kept cold or traces of SO^ and H3S will be evolved, (h) By the elec- 
trolysis of acidulated water. 

5. Solubilities,— Water at ordinary temperature disf^olves nenrly two per 
cent (volunu\) of hydrogen. Charcoal disaolves or absorbs fully ten timt-s it* 
volume of the gas (1). 

6. Beactions.— Hydrog-en g&& i& a very indifferent body at ordinary tem- 
perature, combining with no other clement except as it is occluded or ab- 
sorbed by palladium, platinum, iron, nickel, etct and in the sunliK-ht combines 
with chlorine and bromine. ** Nascent hydrogen *' (hyclmgen at the moment 
of its generation), however, is a powerful reducing agent, and ynder proper 

• For the rapid i^ner&tlOD of hydrogen the Bino should be ^TBaulated by pouring th« molten 
mctiil Into i^nltl wttter. Chemit^ly iiure stlno I& very slowly attacked bj' dilute flulnhuric acic! i 
but the cf trnmeivial jtlno frpqutmtly ecjat&lDS sufncJent impurities t*> insure a rapid geaemtloa 
ol brdrogijn whon treated with the dilut-e acid. Uy the addition to the gmnuletod Kino, In a tub 
of water, of a few cubic centimeters of a dilute fiolntioii of platinum fhlurldp ; the ziuo 1» nude 
f«adi]y Mluble ta dilute stUpburic acid and u uaifona and ntpUl grenomtioa of hydrogen can be 
obtained. 
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• 
conditions combines with O , S , Se , Te , CI , Br , I , N , P , As , Sb and Si 

with comparative readiness. The reduction of salts by nascent hydrog-en in 
acid or alkaline solution will not be discussed here. See under the respective 
elements. It should be noted, however, that " nascent hydrogen " g-enerated 
by different methods does not possess the same reducing- properties. Sodiiini 
amalgam with acids does not give hydrogen capable of reducing silver halides; 
the reduction is rapid when zinc and acids are used. Neither electrolytic 
hydrogen nor that from sodium amalgam and acids reduces chlorates; while 
zinc and acids reduce rapidly to chlorides. Hydrogen generated by KOS and 
Al does not reduce AsV; that formed by zinc and acids gives AsH, . Sbv 
with sodium amalgam and acids gives Sb°; with zinc and acids, SbH, (Cha- 
brier, C. r., 1872, 75, 484; Tommasi, Bl., 1882, (2), 38, 148). 

Hydrogen occluded in metals as Pd , Pt , etc., is even more active than 
" nascent hydrogen "; often causing combination with explosive violence 
(Berthelot, A, Ch., 1883, (5), 30, 719; Berliner, W. A., 1888, 35, 781). Hydrogen 
absorbed by palladium precipitates Ag , Au , Pt , Pd , Cu and Hg from their 
solutions; permanganates acidilied are reduced to Mn"; Fe'" to Fe"; Crvi to 
Cr'"; KCIO, to KCIO; CHsCO^H to CH,CHO and C,H,OH; and C^U.lSfO^ to 
G«H,NH2 . The reactions are quantitative. Salts of Pb , Bi , Cd , As , Sb , W. 
Mo , Zn , Go , Ni , Al , Ce , IT , Bb , Cs , K , Na , Ba , Sr and Ca are not reduced 
(Schwa rzenbach and Kritschewsky, Z., 1880, 25, 374). In the presence of 
platinum black hydrogen reduces very much as described above; also KjFeCCN) . 
becomes KiPeCCN),; dilute HNO. becomes NH4N0a , concentrated HNO, be- 
comes HNO,; CI, Br and I combine with the hydrogen in the dark; KClOt 
and KCIO are reduced to chlorides, KCIO4 is not reduced; H2SO4 , concen- 
trated, is reduced to HsSO. (Cooke, C. .V., 1888, 58, 103). 

Free hydrogen very slowly acts upon a neutral solution of silver nitrate, 
precipitating traces of silver; and in concentrated solution with formation of 
AgNO,; hindered by HNO, or KNO, . Solutions of Au , Pt and Cu are aKso 
acted upon (Russell, J. C, 1874, 27, 3; Leeds, B., 187C, 9, 1456; Reichardt, Arch. 
Pharm., 1883, 221, 585; Poleck and Thuemmel, B,, 1883, 16, 2435; Senderens, BL, 
1897, (3), 15, 991). KMnO^ in acid, neutral, or alkaline solution slowly 
oxidizes hydrogen. It is not at all oxidized by nitrohydrochloric acid, in 
diffused daylight, CrO, , at ordinary temperature", FeCl, ,"K5Fe(CN)«, HNO, . 
8p, gr. 1.42, or H2SO4 , up, gr. 1.84 (Wanklyn and Cooper, Phil. Mag., 1890, (5), 
30, 431). In some cases, when hydrogen un^er ordinary conditions is without 
action, if subjected to great pressure a reducing action takes place; e. /;., 
hydrogen at 100 atmospheres pressure precipitates Hg° from HgCl, (Loewen- 
thal, J, pr,, 1860, 70, 480). 

7. Ignition. — Chlorine and bromine combine with hydrogen directly in 
the sunlight, but heat is required to effect its combination with iodine, 
fluorine, and oxygen. 

All oxides, hydroxides, nitrates, carbonates, oxalates, and organic salt< 
of the following elements are reduced to the metallic or elemental state by 
ignition in hydrogen gas : Pb , Ag , Hg , Sn , Sb , As , Bi , Cu , Cd , Pd , 
Mo,Eu,08,Eh,Ir,Tc,Sc, W,Fe,Cr, Co, Ni, Zn, Tl, Nb, In, V. 

Compounds of aluminum, manganese, and of tlie fifth and sixth group 
metals have not been reduced by hydrogen. 

8. Detection.— (a) Method of formation if known. (&) Its explosive 
union with oxygen when the mixture with air is ignited, (c) Absorption 
by palladium sponge, (d) Explosive union with chlorine in the sunliglit 
to form HCl . (e) Separated from most other gases by its non-absorption 
by the chemical reagents used in gas analysis. 

9. Estimation.— By volume measurement, almost never by weight, except 
when determined in its compounds by combustion to HtO . 



§221, 4. 



BORON-^BORW ACID, 



245 



§220. Boroa, B = ILO . Valence three. 

Boron does not occur free in nature. It is found chiefly us borax, Ha^B^Of , 
and ag boHt; acid, HaBO, , in volcatiie districts. Two varieties of the element 
have been prepared, umorpbous auU eryataltine. The former Isi changed to the 
latter by heatingf to n white heat iii presence of Al and C (Wochler and Claire- 
Deville, A.^ 18G7, 141, 25S), Elemental boron is prepared (a) by eiectrolysis; 
(b) by fmsingr BjOj with Al , Na or Kg-; (r) by igniting BCla with hydrogen; 
(d) by fusing^ borax with red phosp horns. Sited fir gvaviiif of the cryytii 11 iue, 
2.53 to 2.68 (Hampe, A., 18T6j 183, 75): of tht^ nniorplious, 2.45. Amorphous 
boron is a gTeenish-brown, opaque ]xiwder, odorless, tasteless, insoluble ia 
water, alcohol or ether. It is a non-conductor of electricity. Heated in air or 
oxyg-en it burns wnth incandescence. In air it forms BjO, and BN . It i« 
oxidiaed by molten KOH or PhCrO^ , with incandescence. It is dissolved by 
concentrated HNO, or H,SO, , forming boric acid. At a red hciit it decom- 
poses steam. When heated it combines directly with S , CI , Br , N and many 
metals. It forma BCI, with chlorine, not BCl., . Fused with P,0-^ it form^ 
B,0, and P; with KOH , Z^BQ. and H: with K^CO^ , K^BO, and C . Boron 
forms but one oxide, B.Oj , boric anhydride. Three hydroxides are known: 
2H,B0, ^=: B,0m3H,0 , orthoboric acid; 2HBO2 == BjO^.H^O , metaboric acid; and 
H2B4OT = I^BjOg.H^O , pyroboric acid* 



P21. Boric acid. H^BO^ = 62,024 . 

H',B'"0-\, H-0-B~J~^ 

1. Propertiee.^Boron trios^ide, B,0, , horic ank}/drule, is a brittle vitreons 
mass; ^jk ^r. at 12**, 1,8476 (Ditte, A. CH., 1878* (.^0, 13, il7). MrlHni/ [mint, 577* 
(Carnelley, J. C, 1H78* 33, 279). It is volatile at a very high heat (Ebelemen, 
A. €h., 1848, (:i)» 22, 211), It has a slightly bitter taste, is hygroscopic, and 
»how*a a marked rise in temperature on solution in w^ater (Ditte, C. r„ 1877, 
86, 1069), In some respects boron trioxide deports itself as a weak base. It 
forms a sulphide, B^Sj , dec 00a posed by water (Woehler and Deville^ A, Cft., 
1858, (:j), 52, WO): a sulphate, B(HS0J, (D'Arcey, J, T., lf^iS9, 55, 155); and a 
phosphate. BPO, (Meyer, B., 1S89, 22, 291!*). It combines with water in three 
proportions, forming the ortho, meta and pyroboric acids. Orthoboric acid is 
a weak acid^ it^ solutions reddening litmus: at 12*^ it has a /ffHTi^c tjnivitjf of 
1.5173 fDitte, Li\): mrttn at 184" to ISG* (Camelley, ?.f\). Stilublr in 25 parts 
water at 20% and in 3.4 parts at 102* (Ditte, ?.r,). It is mhiiiie in steam and 
in alcohol vapor. The evaporation of the water of combination of the acid 
carries with it from ten to fifteen per cent of the acid, 

2. Occurrence.— Widely distribtited, but usually in very small quantities. In 
the rock salt deposits at Stassfurt, GerTnany, as boracite, Mg^BMO^uOla (02. 5 
per cent BaO,). In the volcanic regions of Tuscany and the Liparic Islands as 
steam satarated with boric acid. 

3. Formation, — The anhydride is formed by htirninjE; the metal in ait 
or oxygen^ or by heating the acids, Orthnhone acid, H^BO^j , ib fariTiofl 
hy di(^solviiig the oxide in water* the meta acid, HBO^ , H — ^ — B =^ , 
by heating the ortho acid a little above 100" (Bloxam, J. C, lHm\ 12, 
177); the pyroboric acid, tetraboric add, H.B^Ot , by heating the ortho 
or meta acid for some time at KJO'' in a current of dry air (Merz, J, pn, 
1866, 99, 179), 

4. Preparation. — (a) By eyaporation of the water from the la^oong of 
Tuscany, which are saturated with boric acid, and recrygtallization 
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from water, (i) In Kevada the boronatrocaldtej Ca^BrtO^i.Ha^B^O^ + 
ISK^O (45.6 per ceot BJ}^)j is evaporated in lead pans with H^SO^ to a 
stiff paste; and then treated with superheated steam in iron cylinders 
heated to redness. The acid passes over with the steam and is collected 
in lead lined chambers (Gutzkow, Z., 1874, 13, 457), {c) Commercial 
boraxj Ka^B^O^.lOH^O, is dissolved in hot water, twelve parts, and acidi- 
fied with hydrochloric acid. Upon cooling;, the boric acid, H^BOy , is ob- 
tained in small scales, which are purified by re crystallization from hot 
water, 

5. Solubilities*— More soluble in hydrochloric acid solution or in alcohol 
than in water (1), The alcoholic solution burns with a heantiful green 
flame* Quite soluble in glycerine and in most alcohols and hydrocarbons, 
only sparingly in ether. The borates are insoluble in alcohol; those of 
the alkalis are soluble in water to an alkaline solution. Borates of the 
other metals are insoluble in water (no borate is entirely insoluble in 
water); but are usually rendered soluble by the addition of boric acid. 

6. Eeactions,^Silver nitrate forms, in solutions of acid borates^ a white 
precipitate of silver horaUj AgBO^ , but normal borates form in part silver 
oxide, brown* Lead acetate gives a white precipitate of had horaie, 
Pb(BOa)-j ; calcium chloride, in solutions not very dilute, a white precipi- 
tate of eakium borate; and barium chloride, in solutions not dilute^ a white 
precipitate of barium horaivy Ba(BO.)^ . With aluminum salts, the precipi- 
tate is aluminum hydroxide. 

Borates are transposed with formation of boric acid, by all ordinary 
acids — in some conditions even by carbonic acid* 

The liberated boric acid is dissolved by alcohol, and if the alcohol solu- 
tion be set on fire, it bums with a green flame, 

A solution of a borate, acidulated with hydrochloric acid to a barely 
perceptible acid reaction, imparts to a slip of turmeric paper half wet with 
it^ a dark-red color, which on drying intensifies to a characteristic red mhr. 

7. Ifnition.^ Boric acid is displaced from its salts by nearly all acids 
including CO^ ; but being non-volatile except at a very high heat, it dis- 
places most other acids upon ignition. 

By heating a mixture of borax, acid sulphate of potassium, and a fluo- 
ride, fused to a bead on the loop of platinnni wire, in the clear flame of 
the Bunsen gas-lamp, an evanescent yellowish-green color is imparted to 
the flame. 

Borates fused in the inner hlow-pipe flame with potassium acid sulphate 
give iJie grem color to the outer flame. 

If a crystal of boric acid, or a solid residue of borate previously treated 
with sulphuric acid, on a porcekin surface, is phiyed upon by the flame of 
Bunsen's Burner, the green flame of boron is obtained* 
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If a powdered borate (previously calcined), is moiRtencd with sulphiirie 
acid and heated on platinum wire to expel the acid, then moistened with 
glycerine and burned, the green flame appears with great distinctTiess. 
The glycerine is only ignited, then allowed to burn by Itaeif. Barium 
does not interfere (being held as sulpha te^ non-volatile); copper should be 
previously removed in the wet way. The glycerine flame gives the spec- 
trum. But in all flame tests, boric acid nuist be liberated* 

Borates (fused on platinum wire with sodium carbonate) give a char- 
acteristic spectrum of four lines, equidistant from each other, and extend- 
ing from Ba / in the green to Sr i in the blue. 

Borax, Ne^B^Ot , when ignited (as on a loop of platinum wire to form 
the borax bead) with many metallic compounds, forms a colored glass, 
used in the detection of certain metals (§132, 7). The fused borax forms 
a solid brittle mass, boras glass, used in assaj^ng and in soldering because 
of its power of combination with metallic oxides. 

8. Detection. — By conversion into the acid, if present as a salt; ssohition 
in alcohol or glycerine and burning with the formation of the green flame 
(very delicate, but copper salts should be removed by H3S and barium i^alta 
should be removed or converted into the sulphate)* Also by the red color 
imparted to a atrip of turmeric paper. 

0. Eatimatloii.— Boron compounds cannot be completely precipitatetl from 
solution by any known reng't^n1s» hent!e most of the methods of qimntitalvve 
deter mi nation are icdlrect. By adding a known qnantity of Na^iCO, , fusing 
and weighing: then after determining the CO, subtracting its weight and 
that of the Na^O present (calculated from Na.jCOQ ftrst added). The differ- 
ence m the weight of B,0, present. See also Will (Arvh. F^harm., 18H7j 225, 1101), 
In the pre?!ence of glycerine* boric acid mnj be accurately titrated with jsodium 
hydroxide, using pheaolphthalein aa an indicator: BjOj -h liiNaOH -=. 2NaB0ii -1- 
H5O . Sodium carbonate must be absent or we get: iiB^O^ + Na,COj ^ 
Xfa^t^T -f CO, (Honjg and Spitz, B. angew,, IS&e, 549; Joergensen, 2. antjiew,^ 
1897, 5). 



§222. Carbon. C ^ 12.0 . TTsueI valence four. 

1. Propertlea*— Carbon exists in three allot ropic forms: two crystalline, 
diamond and graphite, and amorphous as chareoaU coke, etc. Hpeeiffr QVnrHtn 
diamond at 4*, 3.51835 (Baumhauer, J,, 1873, 237) » graphite, Ceylon, 2.25 to 2M 
(Brodie, A„ 1860, 114, ^% wood charcoal, 1,57; gas coke, 1.H8, Very small 
specimens only, of diamonds have been artificially prepared, by saturating iron 
witli carbon at 3000°. At this temperature graphite is formed and upon cool- 
ing under pressure the crystalline diamond form is obtained. This eooling 
under pressure is obtained by pouring the carbon saturated iron into a s^oft 
iron bomb, which is cooled by water (Moisson, C* r., 1893, 116, 21ft). Diamond 
is the hardest substance knowji, It is very strongly refractive towards light 
(Bccquerel, i. Vh.^ 1877* (5)* 12, 5). FluoreKcenre nnd phosphorescence of 
diamonds, see Kunz (P. r.» \mi^ iU 502). Ignition in an atmosphere of hydro- 
gen does not effect a change: in air or oxygen it burns to CO^ . 

Graphite is a hard, gray, metal-like, opaque sol»d» a good eonductor of 
electricity and a fairly good conductor of heat. It burns with difficulty. It 
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is used in lead pencils, in black lead (plumbago) crucibles, as a lubricant for 
heavy machinery, in battery plates, for the arc light carbon pencils, etc. 

Amorphous carbon is blaclc, lighter than diamond or graphite. It is in use 
as coal, coke, charcoal, animal charcoal, etc.; all impure forms. Lamp-black 
is also amorphous carbon made from burning resin, fat, wax, coal gas, etc., 
with limited supply of air. It is used as a pign^ient in paints, in stove-black- 
ing, shoe-blacking, printers' ink, etc. Charcoal, preferably animal charcoal, is 
used for decoloring organic solutions. Charcoal absorbs many gases, hence is 
valuable as a disinfectant. 

Carbon forms two oxides: carbon monoxide, CO , and carbon dioxide, GO, . 

2. Occurrencew — Diamonds seem first to have been found in India, especially 
in the Golconda pits, where, as early as 1622, 30,000 laborers are said to have 
been employed (Walker, /., 18&4, 774). Also found in other parts of Asia, in 
South Africa, in Brazil, etc. (Winklehner, C. C, 1888, 192; Damour, J., 1883, 774: 
Gorceix, /., 1881, 345; Smit, J., 1880, 1400). Graphite is found in Ceylon (Wal- 
ther. C. C, 1890, 11, 20); in California (C. N., 1868, 17, 209); in Canada (Dawson. 
Am. fif., 1870, (2), 60, 130); in New Zealand (Mac Ivor, C. N„ 1887, 66, 125); 
in Bussia, Germany, Greenland, etc. Pure amorphous carbon occurs in nature 
as a chief product in the decomposition of organic material, air being excluded. 
Anthracite coal is relatively pure amorphous carbon. 

3. Formation. — Graphite remains as a residue when pig iron is dis- 
solved in acids. It forms by reducing CO with FCgO^ at 400°. Amor- 
phous carbon is formed by passing CCI4 over Na in a tube heated to red- 
ness (Porcher, C. N., 1881, 44, 203). 

4. Preparation. — Pure graphite is prepared Ky heating the commercial 
graphite on a water bath with EClOs and E^SO^ and repeatedly washing. 
If it contains SiOj it should also be treated with NaF and BjSO^ . Amor- 
phous carbon is prepared by heating wood, coal, or almost any organic 

. matter to a very high temperature in absence of air, but when so prepared 
it is never pure. Amorphous carbon is prepared approximately pure by 
heating pure cane sugar in a closed platinum crucible; then boiling in 
succession with ECl , EOE , and E3O ; then igniting to redness in an 
atmosphere of chlorine, cooling in the same atmosphere. 

6. Solubilities. — ^Insoluble in water or acids. Soluble in many molten 
metals with partial combination to form carbides. When the metal is 
dissolved in acids the combined carbon passes off as hydrocarbons, the 
excess remaining as graphite. 

6. Eeaotioni. — ^Not attacked by acids or alkalis. It slowly oxidizes to 
COj when heated with concentrated E3SO4 and EoCToOt . Upon gently 
warming graphite with EClO, and EEO, , graphitic acid, Ci^E^Oo, is 
said to be formed (Stingl, B., 1873, 6, 391). The important reactions of 
carbon require the aid of high heat and are described in the next 
paragraph. 

7. Ignition. — ^IJnchanged by ignition in absence of air. When stronsjly 
ignited in air or oxygen it slowly bums to CO-a . If the carbon and oxynfcn 
have been previously very thoroughly dried the action is ver}' slow, 
especially with graphite. By fusion with ENO}t or ECIO^ carbon is oxid- 
ized to CO2 . With vapors of sulphur, carbon disulphide is formed; u e., 
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by passing sulphur vapors over hot coals in a furnace. In an atmosphere 
of hydrogen with the electric spark, acetylene, CjHj, is formed. By 
igniting in an atmosphere of carbon dioxide, COj , the whole of the carbon 
l)ecomes carbon monoxide : C + COj = 2C0 . 

By simple ignition with carbon, all oxides of the elements in the follow- 
ing list are reduced to the elemental state (a); and if sodium carbonate is 
added, all of the salts of the same are likewise reduced (&). Cu , Bi , Cd , 
Fb , Ag , Hg , As , Sb , Sn , Pd , Mo , Ku , Os , Kh , Ir , Te , Se , W , E , 
Na , Eb , Cr , Fe , Mn , Co , Ni , Zn , Ti , Tl . 

(a) Pb.O, + 20 = 3Pb + 2C0, 

(6) 2PbCl, + 2Na,C0, -f C = 2Pb + 4NaCl + 3C0, 

(c) CuO -f C (excess) = Cu + CO 

(d) C + 2CuO (excess) = 2Cu + CO, 

With excess of carbon CO is formed {c). With excess of the oxide COj is 
formed (d). In the reduction of iron ore, the process is conducted so as 
to give some CO and some COg . To obtain some metals in the free sjtate 
(such as K and Na), special methods are adopted to exclude the air, and 
to produce the high temperature needed. 

All compounds of sulphur when ignited with carbon are reduced to a 
sulphide: BaSO^ + 2C = BaS + 2CO2 . 

8. Detection. — By its appearance; failure to react with general reagents; 
and by its combustion to CO2 with oxygen (air), or with 'K^CrJ^'j and con- 
centrated H08O4 (Fritsche, 4., 1896, 294, 79), then by identification with 
Ca(0H)2 (§228, 6). 

0. Estimation. — By combtistion to CO, and weighing after absorption in KOH 
solution. See works on ultimate organic analysis. 



§223. Acetic acid. HC2E3O2 = 60.032 . 

H 

I II 
H\(C2)+'"-"'0-% , H — C — C — — H = CH3CO2H. 



1. Properties. — Pure acetic acid is a colorless, crystalline, hygroscopic solid, 
melting at 16.5° and boiling at 118**. Its specific gravity at 0** is 1.080. It has 
a sharp, sour taste, an irritating burning effect on the skin, and a very pene- 
trating odor. It burns when heated nearly to the boiling point. Vinegar 
contains four to five per cent of acetic acid. The U. S. P. reagent contains 36 
per cent of acetic acid, and has a specific gravity of 1.0481 at 15**. It vaporizes 
from its concentrated solutions at ordinary temperatures, having the char- 
acteristic odor of vinegar. It is a monobasic acid, the three remaining 
hydrogen atoms (linked to carbon) cannot be replaced by metals. 

2. Occurrence. — It occurs in nature in combination with alcohols in the 
essential oils of many plants. 
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3. FDrmation.— (a) During the decay of many organic compounds* (6) 
By gently heating sodium met hy late, NaOGH;, ^ in a current of carbon 
monoxide: NaOCH^ + CO = CH^CO^Na (NaC,H^O,). (t) By lH>iling 
methyl cyanide with acids or alkalis: CH,CN + HCl + *^H.O — HC.H^O^ 
+ HH^Cl. (d) By the oxidation of alcuhoh :3C,H,0 + 2K.,Ct^6, + 
8H,S0, = 2KS0, + SCr,(SO,), + 3HC,H,0, + IIH.O . 

4. Preparation*— (g) By the dry distillation of wood, (h) By the fer- 
mentation of cidePj beer, wine, molasses, etc, (c) Pure acetic acid is 
prepared by distilling anhydrous sodium acetate with concentrated sul- 
phuric acid. The diBtillate solidifies upon cooling and is termed ^dacial 
acetic acid, 

5. Solubilities, — Miscible in all proportions in water and alcohol The 
salts of acetic acid, acetates, are all soluble in water, silver and mereuroua 
acetates sparingly soluble* Certain basic acetates, m Pe'", Al , etc., are 
insoluble in water. Very many of the acetates are soluble in alcohol. 

6. Eeactions. — The stronger mineral acids transpose the acetates, 
forming acetic acid. Anhydrous acetates with concentrated sulphuric 
acid give pure acetic acid (4), but if the sulphuric acid be in excess and 
heat be applied the mixture blackens with separation of carbon; and, at 
higher temperatures, CO^ and SO^ are evolved. 

Solution of ferric chloride forms, with solutions of acetates, a red solu- 
tim containing ferric uvdaU^ Tt(CMjfi2hi which on boiling precipitate& 
brownish-red, basic ferric acetate. The red solution is not decolored by 
solution of mercuric chloride (distinction from thiocyanate); but is de- 
colored by strong aeidulation with sulphuric acid or hydrochloric acid (dis- 
tinction from thiocyanate and from meconate). The ferric acetate is pre- 
cipitated by alkali hydroxides. 

If acetic acid or an acetate be warmed with salphuric acid and a Hith 
alcohol, the characteristic pungent and fragrani odor of dhyl acetate qt 
acetic ether is obtained: 

Acetic acid does not act as a Reducing Agent as readily as do most of 
the organic carbon compounds. It doeii not reduce prrmangatiates even in 
boiling solution; reduces auric chloride only in alkaline sohition, and does 
not reduce alkaline copper solution. It takes chlorine into combination — 
slowly in ordinary li^rht, quickly in sunlight, forming cbloraoetic acids. 

7, Ignition. — By ignition alo!ie, acetates blacken, wilh evolution of 
vapor of acetone f Cj^H^O , inflammable and of an agreeable odor. By pro* 
longed ignition of alkali acetates^ in the air» cnrbonates are obtained free 
from charcoal. By ignition with alkali hydroxides in dry mixtures, 
methane, inarsh^gas^ CH^ , is evolved. By ignition with alkalia and 
arsenous anhydride, the poisonous and offensive vapor of cacodyl oxide 
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is obtained. This test should be made under a hood with great caution 
and with small quantities. It is a very delicate test for acetates: 
4KC,H,0, + Aa,0, ^ A^,{€K,)fi + SK^CO^ + 2C0, . 

8. B^ection. — (a) By its odor. (&) B}^ the foriiiation of the fragrant 
ethyl acetate upon warming with sulphuric acid and alcohol, {c) By the 
formation of the red solution with ferric chloride (§126, Gb and §152). 
(d) By ignition of the dry acetate alone to acetone, CH^COCH^ ; with 
RaOH to methane, CH^ ; or with As^Og to cacodyl oxide, (e) As a delicate 
test for formates or acetates it is directed to warm a solution of CnCl^j in 
ITaCl and add a small amount of the material under examination. Form- 
ates give a blackish -gray deposit; acetates give bright green precipitate 
not changed by boiling. Both precipitates are soluble in acetic acid 
(Field, J. C„ 1873, 26, 575), 

9, E&timatlon, — Other volatile acids are separated by preeipitatiOTi; snlphuric 
acid i& then added and the Heetic acid m distilled into water and CBtimated 
by titratfoii with standard alkali* 



§224, Citric acid. HAH,0, = ID >.064 . 

H.C — CO,H 

I 
H',(C,)+i*^-^H',0-% ^ H — — C — CO.H 

I 
H.C — CO,H 

VemoA in Btnall quantities in the juices of many fruits. The chief comniercial 
•cm^ee tfc lemon-JLiire, It is a colorless, erystallizable, non-volatUe solid: freely 
soluble in water and In alcohoL 

The citrates of the metals of the alkalis are freely soluble in water: those 
of iron and copper are moderately solnble; those of the alkaline earth niL'talsi 
ini^oluble. Theri? are many solnble donble citrates formed by action of alkali 
citrates upon pri*oipitated citrates, or of alkali bydrcixidesi upon FUPtnlJic Kalts 
in presence of citric acid. In distincttoii from tartrntest the solubility of the 
potassium &a!ts, non-precipitation of calcium salt in cold fsolutjon; und weaker 
reducing action, arc to be noted, 

Solution of calcium hydroxide in excesa (as by dropping- the ftotution tested 
into the reagrent) gives no precipitate with citric acid or citrates In the cold 
(distinction from tartaric acid), but on heating, the white calvium ritratt't 
Q9^(C^MtQj}t P i» precipitated (not soluble in cold |>otasEium hydroxide solu- 
tion). By filtering before boiling* the tartrate and citrate may be approxi- 
mately separatecK Calcium chloride also gives the same precipitate after lioil- 
ing. Calcium citrate is soluble in acetic acid (distinction from oxalates). 

Solution of lead acetate precipitates white trad eitrofe, Pb, (CoHsO,)3 , soluble 
in ammonia. Silver nitrate ji^ivcs a %vhitc precipitate of aifvn- eitrftfr, 
Agj,C,H!,OT , which does not blacken on boilmg (distinction from tartrate). 
For action of citric acid or eltratefs in hindering many of the usual analytical 
reactions, see Spiller, J. C, IB5S, 10, 110, 

One part of citric acid dissolved in two parts of water, and treated with a 
so bit ton of one pnrt of potaBsiura acetate in two parts of water, should remain 
clear after addition of an equal volume of strong alcohol (absence of oxalic 
acid and of tartaric acid and its isomers). 
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Citrie acid does not act very reaclilj' as a redTicing- agent: does not reduce 
alkaline copper solutiont or silver Bohittou; recluees ptTmiiiifCtttinte very siiiwly. 
Concentrated nitric acid prodtices from it* acetic and oxalic acida; and digea- 
tion with manganese dioxide decomposeB it, with formation of acetone, acrylic 
and acetic acids, C: It rates carbonize on Ignition, with various empyreumatic 
products, and with final formcition of carbonates. By fused potassinm hydrox- 
ide* short of ignition, they are decomposed with production of oxalate and 
acetate. 



§225, Tartaric acid. H,C,H,0^ = 150,048 , 
H 



H — — C — C — — H CH(OE)CO.,H 

I or I 

H — — C — C — — H CR{OK)COM 

I II 
E 

1. Properties. — Tartaric acid is q colorless, cryataUine, non* volatile solid; 
freely soluble in water and in alcohol. It exists in four distinct modifications: 
dextrotartaric acid, levotartaric acitl, raceinic acid, and Tnesotartaric acid. 
They differ from each other in crystalline form, in solubility, and especially 
in the deportment of tUeir solutions towards polarised light. Kacemic and 
mesotartaric acids are optically inactive, but the former may be resolved into 
the first two acids, optically active. 

2, Occurrence,— It is found in various fruits. The chief commercial source 
fs grape juice. 

X Formation, ^By oxidation of dextrose, cane s\ig-ar, milk sugar^ starch, etc, 
with HNOa (Kiliani, A., ISHO, 205* 175). By action of sodium amalgam on 
oxalic ether in alcoholic solution (Debus* i,, 1873, 160, 124}. By synthesis 
from succinic acid by formation first of the dibromsuccinic acid, HiC^BrjHjO^; 
then substitution of the OH group f*jr the bromine by meaus of water and 
silver oxide, 

4. Preparation.— The crude argol deposited during the fermentation of grape 
juice is recrystallized, giving the commercial cream of tarlan KHC*H^O» , 
This in hot eoKition is treated with powdered chalk, and the filtrate from the 
precipitate thus obtained is precipitated with calcium chloride. Both pre- 
ci Imitates are washed and decomposed by the necessary quantity of hot dilute 
Bulphnrie acid. The tartaric acid solution is evaporated to crystal ligation and 
ptirihed by recrystallization (Ficiniiis, Arvh. I'Mrm., 1B1% 215, 14 and illO), 

5, Solubilities,— The Tartrates of the alkali basee are soluble in water; 
the normal tartrates being freely soluble^ the acid tartrates of potas&ium 
and ammonium sparingly Bolulile. The tartrates of the alkaline earth 
hases and of the non-alkaline bases, are ini^oluble or sparingly soluble, but 
mostly dissolve in solution of tartario acid. Most of the tartratee are 
insoluble in alcohol. There are double tartrates of heavy metals with 
nlkali metals, which dissolve in water. Tartar-emetic is potassium anti- 
mony tartrate, KSbOC,H,0^ . 

Hydrochlone, nitric, and sulphuric acida transpose the tartrates 
(whether forming solutions or not). Most of the tartrates are also dis- 
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solved (and, if alueadj dissolved^ are not proeipitated) by the alkali hy- 
droxides, owing to thu formution of soluble double tartrates. 

The freshly precipitated oxides, hydmxideSj and carbonates of the fol* 
lowing metalfe are soluble in a solution of potassium-sodium tartrate, 
Hochelk salt : Sb , Sn^^\ Bi , Cu , Fe , Al , Cr , Co , Ni , Mn , and Zn ; Ba , 
Sr, Ca, and Mg to quite an extent, CdCOg is not dissolved (Warren, 
C, iV,, 1S8S, 67, 223). 

6. Beactions,— Sohition of oalcium hydroxide, added to alkaline reac- 
tion, precipitates from cold solution of tartaric aeid, or of soluble tartrates, 
calcium iariraU^ white, CaC+H^O^ . Solution of calcium chloride with 
netitral tartrates gives the same precipitate. Solntion of calcium sulphate 
forms a precipitate but elowly, or not at all (distinction from racemic acid). 
The precipitate of calcium tartrate is solnble in cold solution of potassium 
hydroxide, precipitated gelatinous on boiling, and again made soluble on 
cooling (distinctions from citrate), and dissolves in acetic acid (distinction 
from oxalate). 

Tartaric acid prevents the precipitation by fixed alkalis of solutions of 
the eults of the following metals: Al , Bi , Co , Ni , Cr , Cu , Fe , Pb , Pt , 
and Zn (Grothe, J. pn, 1864, 92, 175). 

Silver nitrate precipltateiij from solutions of normal tartrates, sUver 
tartrate J AgX^H^Og , white, becoming black when boiled. If the precipi- 
tate is filtered, washed, dissolved from the filter by dilute ammonium 
hydroxide into a clean test-tnbej left for a quarter of an hour on the 
water-bath, the silver is reduced as a mirror coating on the glass (§59, lOh), 
distinction from citric acid. Free tartaric acid does not reduce silver 
salts. Fennan^nate is reduced quickly by alkaline solution of tart rat f^^ 
(distinction from citrates), precipitating manganese dioxide^ brown. Free 
tartaric acid acts but slowly on the permanganate. Alkaline copper tar- 
trate, Fchling's solution (§77, 6b), resists reduction in boiling solution, 
GhromateB are reduced by tartaric acid, the solution turning green. The 
oxidized products, both with permanganate and chromate, are formic 
acid, carbonic anbydri<le, and water. 

7. Ignition,— On ignition, tartaric acid or tartrates evolve the odor of 
iumt sugar y separating carhnn^ and becoming finally converted to carbon- 
ates.-- St ron-r sulphuric acid also blackens tartrates, on warming. Melted 
potassium hydroxide, below ignition, produces acetate and oxalate. The 
fixed alkali tartrates ignited in absence of air give an alkali carbonate and 
finely divided carbon. The mixture serves as an admirable flux for the 
reduction tests for arsenic f§S9, 7). 

8. Detection.— (fl) By the odor of burnt sugar when ignited, (h) By 
the deportment of the calcium salt with cold and hot XOH (6). (c) By the 
formation of the silver mirror (§59, 10b). {if) By its action as an alkali 
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tartrate in preventing precipitation of the solutions of the heavj metals 
by the fixed alkalis. To test citric acid for the preeence of tartaric acid, 
add about one cc, of ammonium molybdate solution to about one granx 
of the citric acid; then two or three drops of sulphuric acid and warm 
on the water-bath* The preeence of 0.1 per cent or more of tartaric acid 
gives a blue color to the solution (Crismer, BLj 1891, (3)^ 6^ 23), 

9. Estlmfttion.— See Philippa (Z., 1890, 20, 577); Haas (C. C„ 1888, 1045); 
Heidenham (Z„ IBm, 27, 081). 



§226. Carbon monoxide* CO = 28,0 . 
C"0-", C = . 

1. Properties. — Cnrhon monoj^ide^ corhonie oj'ide, fonnie anhjfdride, 00 , f s a^ 
colorless, laHteleBB ^as, Spei-i^c tjrnvittf, 0.9678. \%y niajnlainiti^ a pressure of 
200 to 300 atmospheres at — 136' and then redudngr the p res sure to 50 atmos- 
pberes the gas becomes a colorless transparent liquid (Wroblewski and OIb* 
zewski. A, Ch., 1SS4 (6), 1, 12B), It is, when itihaled, a virulent poison, abstract- 
ing' oxyg-en from the. blood and combining" with tbe haeraoglohin. It bums in 
the air with a pale blue flame to CO, , but does not support combuation. 
Mixed vvith air in stjitable proportions, it explodes upon ig-uition. It unite* 
with chlorine? in the sunlight to form phosgene* COOlj . 

2, Occurrence.— I u combination as formic acid in ants and in nettles, 

3. FonnatioE. — (a) By tbe incomplete combustion of coal, charcoal or 
organic material* (b) From the reduction of metallic oxiiles in the blast 
furnace with excess of charcoal: ICgOa + 30 = SFe + 3C0 . (c) Bj 
heating sodium s^nlphnte with excess of charcoal {LeBlanc's Boda process): 
Na,SO^ + 40 ™ Ha^S + 4C0 . See also Grimm and Ramdolir {iL, 1856^ 
98, 127). 

4. Preparation. — (a) By passing steam over charcoal at a white heat 
(water gas): H,0 + — CO + H^ (Naumann and Pis tor, B., 1885, 18, 
164). (h) By passing 00^ o^er red hot charcoal (r:) By heating 
K,Fe(CJOfl \vith concentrated H.SO, : K,Fe(CF)^ + fiH.SO, + GH^O — 
SK^SO, + 3(NH,)2S04 + FeSO, + (iCO , With dilute acid HON is formed. 
(d) By heating a formate with concentrated sulphuric acid: 2X0H0^ 4* 
H;SO^ = K,SO, + SCO + 2H.0 . (e) By heating an oxalate with con- 
centrated sulphuric acid: K^G^O^ -4- 9H.S0^ — K.SO4 + H.SO^.H.O + 
00 + CO,. 

5. Solubilitiea.— It is not absorbed by KOH or Ca(OH). (distinction 
from 00.). It is absorbed by charcoal, cuprous chloride, and by several 
metals, e. g.^ K , Ag ^ and An . 

6. Eeactions. — It is an energetic reducing agent Combines with moist 
fixed alkalis to form a formate (Froelich and Geuther, A., 18S0, 202, 317). 
In the sunlight it combines directly with chlorine or bromine. It m 
oxidized to COj by warming with KXr-jO- and concentrated H.SO^ ; also 
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by palladimn sponge Baturated with hydrogen, and in presence of oxygen 
and water (Remsen and Keieer, B., 1884, 17, 83). A solution of PdCl^ is 
reduced to Pd by CO , 

7. Ignition. — When heated to redness with Ha or K, earbon and an 
alkali carbonate are formed. Upon ignition of metallic oxides in an 
atmosphere of CO a reduction of the metal takes place, eo far as observed 
the game as when the corresponding metallic forms are ignited with char- 
coal (Rodwell, /. C, 18G3, 16, 44). 

8. Betection. — In distinction from CO^ by its failure to be absorbed by 
KOH or Ca(OH)^ . By its combustion to CO^ and detection as such. By 
its combination with hot concentrated KOH to form a formate. It is 
detected in the blood by the absorption spectnim (Vogel, B.^ 181 B^ 11, 

9. EBtimatlon* — The measured rolume of the gas is brought in contact with 
a solution of cuprous chloride in hydrochloric acid which absorbs the CO 
< Thomas, C. ^N., 1878, 37, 6)> 

§227. Oxalic acid. H,a>0. = 90.016. 



II 11 CO,H 

H',(C,)+*0^, ,H — — C — C — 0— H or | 

CO,H 

1. Properties, — Absohite oxalic acid, H.C.O. * is a white, amorphous solid, 
which amy be Biiblinae*! at 150° with only \n\ri\,i] dpcompoaitioni H-C^O* ^ 
CO, + CO + H,0 . Crystanized oxalic ucid, H.CjO^^^HaO , efflorifst^ew very 
slowly in wariii, dry air, and mcits in its water of erystilUzatJon at US'*; at 
which tt*mperature the liquid soon evaporates to the absolute acid. OKalic 
anhydride in not formed. 

2. Occurretic& — Fonud in many plants in a free state or as an oxalate. In 
sorrel it is foimd as KHC^O,; in rhubarb as CaCaO^ . As ferrous oxalate In 
llg-nlte deposits; as ammonium oxalate in guaoo, 

3. PormatioE* — (a) By decomposition of cyanogen urith water, am- 
monium oxalate being one of the products, (b) By the oxidation of 
glycol with nitric acid, (c) By heatLng potassium formate above 400^ 
(Merz and Weith, B,, 1882, 15, 1507). (d) By passing CO^ over a mixture 
of sodium ami Miid at StiO'^'CDreehsel, Bl, 1808, 10, 121), 

4> Freparation. — (a) By action of nitric acid sp, gr. L38 upon sawdust, 
starch, or BUgar, By the continued action of concentrated nitric acid, 
after the Bugar ie all oxidized to oxalic acid, the latter is farther oxidized 
to CO3 , {h) By heating sawdust with KOH or KaOH , Hydrogen is 
evolved, the cellulose, CaHioO^ t ^eing converted into oxalic acid* Under 
certain conditions, additional products are formed. It is also formed in 
the oxidation of a great many organic compounds. 
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Ci,H„0„ + 12HN0. = 6H,C,0« + 12N0 + 11H,0 
3H,C,0« + 2HN0. = 6C0, + 2N0 + 4H,0 
C.HioO. + 6K0H + H,0 = 3K,C,04 + 9H, 

Oxalates are formed: a. — By treating the oxide, hydroxide, or car- 
bonate with oxalic acid. In this manner may be made the oxalates of 
Pb, Ag, Hgr, Hg", Sn", Bi, Cu^ Cd, Zn, Al, Co, Ni, Mn, Fe', Fe'", 
Cr"', Ba , Sr ^ Ca , Mg , Na , and E . And some others. 

6. — By adding oxalic acid to some soluble salt of the metal. In this 
manner the above oxalates may be made, except alkali, magnesium, 
chromic, ferric, aluminum and stannic oxalates, which arc not precipitated. 
Antimonous salts are precipitated, but the precipitate is basic. 

c. — Alkali oxalates will precipitate the same solutions as oxalic acid, 
but many of the precipitates are soluble in excess of the alkali oxalate, 
and, as a rule, the salt formed is a double one, e, g., AgNH^CoO^ . Ba , Ca 
and Sr are well-defined exceptions to this rule — their precipitates, formed 
by this method, being normal oxalates. 

d. — Some of the metals when finally divided are attacked by oxalic acid, 
hydrogen being evolved. 

5. Solubilities. — Oxalic acid is very soluble in water and in alcohol. 
Alkali oxalates are freely soluble in water, as is also chromic oxalate. 
Nearly all other metallic oxalates are insoluble in water or only sparingly 
soluble (Luckow, /. C, 1887, 52, 529). 

The metallic oxalates, soluble and insoluble, are transposed by dilute 
sulphuric, hydrochloric, and nitric acids, with formation of oxalic acid: 
CaCaO^ + 2HC1 = CaClj + HjCjO^ . That is: the precipitated oxalates 
of those metals, which form soluble chlorides, dissolve in dilute hydro- 
chloric acid; of those metals which form soluble sulphates, in dilute sul- 
phuric acid; and all precipitated oxalates dissolve in dilute nitric acid. 

Acetic acid does not dissolve precipitated oxalates, or but slightly. 
Certain of the oxalates dissolve, to some extent, in oxalic acid (as acid 
oxalates). 

6. Beactions. — A. — With metals and their compounds. — Oxalic acid and 
soluble oxalates precipitate solutions of many of the metallic salts. With 
excess of the alkali oxalates soluble double oxalates of the heavy metals 
are frequently formed (4). An excess of alkali oxalate transposes par- 
tially the alkaline earth carbonates. On the other hand, the alkali car- 
bonates in excess partially transpose the alkaline earth oxalates (Smith, 
/. C, 1877, 32, 245). See also under 66 of the respective metals. 

Oxalic acid is a decided reducing agent, being converted to tcaler and 
carbonic anhydride (a), and the metallic oxalates to carbonates and carbonic 
anhydride (6), by all strong oxidizing agents. 
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(6) 2K,C,0, + 0, z= 2K,C0. + 2C0, 

1, — PbOa with oxalic acid forms lead oxalate and CO^ . Oxalic acid has 
BO action upon Pb;,0^ , but reduces it quickly in presence of any acid 
capable of changing the Pb^O^ to PbO. . 

£. Oxalic acid or amtnonjum oxalate boiled in the stinligbt with Hg€L 
gives HgCl and COa [GmeUtis Band-hooh, 9, 118]. 

^.^HgAsO^ becomes H,,AsO^ , and CO. i^^ evolved. To prove that As^' 
becomes Aa'^', add excess of potassium hydroxide, and then potassium per- 
manganate. The latter will be quickly decolored, 

4- — BLOjj becomes bismuth oxalate and CO^ . 

5. — T£il''+^ becomes Mn", (That is, all compounds of manganese having 
more than two bonds are reduced to the dyad,) In absence of other free 
acidj MnC^O^ h formed, and CO. is given off. If some non-reducing acid 
be present, such as H^SO^ , it unites with the manganese^ and all of the 
osalic acid is converted into CO3 . 

6, — 'Co.0.,1 and Co(OH),| foroi cobaltous oxalate, and CO^ is evolved. 

7.^Ni.03 and Hi(OH)a become nickelous oxalate, and CO^ is evolved* 

S. — HaCrO^ is reduced to chromic oxalate, and CO^ is evolved. 

As a rule, reducing agents have no action on oxalic aeid at ordinary 
temperaturefi. By fusion, however, a few metals, E , ITa , Hg , etc*, reduce 
it to free carbon. 

B. — With non-metals and their compotinds. 

J,— HCN , HCNS , H,Fe(CN)^ , and H,re(CN)fl seem to be without action 
upon oxalic acid, 

2, — HNO2 seems to have no action upon H^CjO^ , With HHOa, CO^ , 
HO , and H.O are formed. The nitric acid should be concentrated. Test 
for the CO^ by pas.^ing the gases into a solution of BaCl^ containing £0H . 

S. — H^PO^, , H^PO^ , and HgPO^ do not act upon oxalic acid. 

Jf. — Concentrated snlphurio add, with a gentle heat, decomposes oxaJir 
acidf by removing the elements of water from it, with effervescence of 
cirrlmi dwMde and carbon monoxidt: KX^O^ -\- H^SO^ ^^ K^BO^MM + 
CO2 4* CO . With oTalaieSf the decomposition generates the same gases. 
Other strong dehydrating agents produce the same result. 

The effervescing gases, CO3 and CO , give the reactions for carbonic anhy- 
dride; also, if in a autficient quantity, the CO will burti with a blue flame, 
when ignited, 

5. — With chlonme, hydrochloric acid is formed and the oxalic aeid 
becomes CO^ (Gmelin's IIand-book\ 9, 116). This reaction takes place 
more readily in the presence of KOH, forming KCI and KjCOg , HCIO 
forms COji and CI . If the oxalic be in excess HCl h formed. The action 
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is more rapid in the presence of a fixed alkali, an alkali chloride and 
carbonate being formed. HCIO3 forms CO2 and varying proportions of 
CI and HCl . A high degree of heat and excess of oxalic acid favoring 
the production of HCl (Calvert and Davies, J. C, 1850, 2, 193). 

6. — Bromine decomposes oxalic acid in alkaline mixture, forming a 
bromide and a carbonate. In acid mixture a similar reaction takes place 
if a hot saturated solution of oxalic acid be used in excess. With HBrO.. , 
bromine and CO2 are formed; with excess of oxalic acid and heat hydro- 
bromic acid is formed. 

7. — HIO3 forms COg and I . With mixtures of chlorates, bromates, and 
iodates, the chlorate is first decomposed, then the bromate, and finally the 
iodate (Guyard, /. C, 1879, 36, 593). 

7. Ig^tion. — The oxalates are all dissociated on ignition. Those of 
the metals of the alkalis and alkaline earths are resolved at an incipient 
red heat, into carbonates and carbon monoxide (a) — a higher temperature 
decomposing the alkaline earth carbonates. The oxalates of metals, whose 
carbonates are easily decomposed, but whose oxides are stable, are re- 
solved into oxides, carbonic anhydride, and carbon monoxide (b). The 
oxalates of metals, whose oxides are decomposed by heat, leave the metal, 
and give off carbonic anhydride (c). As an example of the latter class, 
silver oxalate, when heated before the blow-pipe, decomposes explosively, 
with a sudden puflBng sound — a test for oxalates : 

(a) GaCjO^ = CaCO, + CO 

(ft) ZnCO^ = ZnO + CO, + CO 

(c) Ag^C^O, = 2Ag + 2C0, 

8. Detection. — (a) By warming with concentrated sulphuric acid after 
decomposition of carbonates with dilute sulphuric acid ; showing the pres- 
ence of CO2 by absorption in Ca(0H)o or in a solution of BaCU alkaline 
with EOH ; and showing the presence of CO by its combustibility, (b) In 
solution by precipitation in neutral, alkaline, or acetic acid solution by 
calcium chloride, and solubility of the precipitate in dilute hydrochloric 
acid. Frey (Z., 1894, 33, 533), recommends the formation of a zone of 
precipitation. To the HCl solution containing BaClj and CaCL he adds 
carefully a solution of NaCgHjOg and watches the zone of contact. 

9. Estimation. — (a) It is precipitated as CaCjOt; after washing, the Ca is 
determined by §188, 9, from which the oxalic acid is calculated, (h) By the 
amount of KMnOf which it will reduce, (c) By measuring the amount of COj 
evolved when it is oxidized in any convenient manner, usually by MnOo . 
(d) By the amount of gold it reduces from AuCls . 
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§228. Carbon diaxide. 



C0^ = 44.0. 



(Carbonic anhydride.) 
G&rbonic acid {htjpoikelical). H^jCO^ = 6^.016 . 



C^^O^', and W,Q^O-% ,0 = 



and H — O^C — — H. 



I 



J, FropeTties.— The sptrific gmvify of the g-^m CO, is 1.52907 (Crafts, C\ r„ ISSS, 
106, lt>2)^ of the liquid at — M^ 1.05T (eaiUt^tt-t and Mathias. f.\ r, 1H86, 102. 
1202); of the fsoljd (Immmertd), slightly iinrl^-r l.j (Laiidolt, B., }SH4, 17* :mi). 
Criticfil tempet-aitirr, :i0.9L*'' (Andrews, Tmna. Rr/y. iSVm\, im% 159» 5S3; I87fi, 196, 
21). It is a heavy eolorless gas; which at low teiu pern t tires, +'^°, and high 
preasure, 79 atmosphercH, may be condensed to a cJeur mobile liquid: and upon 
further cooling this becomes a snow- like muss. Liquid CO^ is more coitipres- 
fiible than other liquids (Natterer, J., 1^51, M*)* It diffuses throu|fh porous 
plates more rapidly than oxyg:eu (Uritham* T. .V., liSbli, 8, 79). Xon-i*ombustible 
and a non-supporter of combustion, except that K^ Ka and Mg: burn in the gn^ 
forming- an oxide of the metal and free carbon* It Is used in chemical fire 
engines, Non-poiKonoua but tauseK siiffor^ntion (drowning) by exclusion of air. 
It is taken internally without injury in isoila water* etc. 

Liquid CO, is insoluble in water whieh swims on the surface. It mixes with 
aleohol and ether. It dissolves iodine but does not dissiolve phosphorus or 
sulphur; it im withotit action opon K or ITa . A spirit thermometer immersed 
in the liquid registers —75'' (Thilorier, J. ftr., 18,M, 3. lOU). Solid COa at 767/J 
mm. barometric pressure nwltft at —77,1*4" (Hegnault, .1. Ph., 184l>, (3), 26, 257). 
When the aolid is mixed with ether it gives a temperature of — 9R,H'^. 

2. Occurrence,— In a free state in the air, about 0.04 per cent. Found in 
great abundance in the form of carbonates in the earth's crust; e. g., limestone^ 
marble, magneE^ite, dolomite, etc. 

3. FonnatioE. — (a) By burning wood, coal, etc., in the air, (6) By 
burning CO , (c) By the reduction of many metallic oxides upon ignition 
with charcoaL (d) During fermentation or decay of orgauic materiaL 
(e) By the reaction between acids and carbonates* 

Liquid CO., is made by compressing the gas with pumps at a reduced 
temperature. 

Solid CO3 is made by allowing the liquid to escape freely into woolen 
bags and then compressing in wooden moulds (Laodolt> L c). 

4. Preparation. — CaCO^ (chalk or marble) in small lumps is treated with 
hydrochloric acid in a Kipp'ts gas generating apparatus. The gas is passed 
through a solution of N&HCO^ to remove any HCl that may be carried 
over, and then dried by passing through a tube filled with fused CaOl^ . 
It is also prepared on a large scale for making the liquid CO.. . and for 
use in sugar factories by the ignition of limestone: CaCO^ := CaO -j- COj . 

Freparation of Carbonates,— NaXOa is made by converting NaCl into 
Ila_.804 , by treating it with H.SO^ ; then by long ignition with coal and 
calcium carbonate, impure sodium carbonate is formed (Leblanc's process), 
Na,SO, + 4C -f CaCO; = CaS + 4C0 + lTa,CO, 
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It is separated by lixiviation with water, and farther purified. The 
other method, known as the ammonia, or Solvay's process, consists in p^iss- 
ing NHg and CO2 into a concentrated solution of NaCl (a). The NaHCO., 
is converted into NasCO, by heat, and the evolved CO2 used over again (/>). 
The NH4CI is warmed with MgO (c), and the NH3 which is given of! is 
used over again. The UgCls is strongly heated (d) and the MgO is used 
over again, and the evolved gas sold as hydrochloric acid. This continu- 
ous process has nearly superseded the Leblanc process. 

(a) NaCl + NH, + H^O -f CO, = NaHCO. -f- NH.Cl 

(6) 2NaHC0. + heat = Na,CO, + CO, + H,0 

(c) 2NH,C1 -f MgO = MgCl, + 2NH, + H,0 

(d) MgCl, + H,0 + heat = MgO -f 2HC1 

The other carbonates are mostly made from the sodium salt (6). 

5. Solubilities. — COj is soluble in water, forming the hypothetical 
HjCOj, which reacts acid towards litmus. At 15° one volume of water 
absorbs 1.002 volumes of the gas (Bunsen, A,, 1855, 93, 1). It is rapidly 
absorbed by hydroxides of the alkalis and of the alkaline earths, forming 
normal or acid carbonates: KOH + COo = KHCO3 or 2K0H + CO^ = 
E2CO, + H2O . The carbonates of the alkalis are soluble in water (acid 
alkali carbonates are less soluble than the normal carbonates), othcM* 
carbonates are insoluble in water or only sparingly soluble. The presence 
of some other salts, especially ammonium salts, increases the solubility ol' 
carbonates, notably magnesium carbonate (§189, 5c). Many of the car- 
bonates are soluble in water saturated with CO2 ; forming acid carbonates 
of variable composition. Boiling removes the excess of CO2 , causing pre- 
cipitation of the carbonate. 

6. Beactions. — Dry carbon dioxide does not unite with dry calcium 
oxide at ordinary temperature (Birnbaum and Maher, B., 1879, 12, 1547; 
Scheibler, B,, 1886, 19, 1973). Also at 0° no reaction takes place between 
dry CO2 and dry NaoO , but at 400° combination takes place with incan- 
descence (Beketoff, BL, 1880, (2), 34, 327). 

Carbonates of the fixed alkalis precipitate solutions of all other metallic 
salts: with antimony the precipitate is an oxide; with tin, aluminum, 
chromium, and ferricum it is an hydroxide: with silver, mercurosum, 
cadmium, ferrosum, manganese, barium, strontium, and calcium it is a nor- 
mal carbonate; with other metals a basic carbonate, except that menniric 
chloride forms an oxychloride. Carbonic acid is completely displaced by 
strong acids, for example, from all carbonates, by HCl , HClO^^HBr , HBrO^t , 
HI , HIO3 , H2C2O, , HNO, , H3PO, , HoSO, , and even by HoS , comi)letely 
from carbonates of the first four groups, incompletely from those of the 
fifth and sixth groups (Xandin and Montholon, C. r., 1876, 33, 58). 

Ammonium carbonate precipitates solutions of all the non-alkali metals, 
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chkfly as carbonat(*s; except magneshnn salts which are not at all pre- 
eipitatedj a sohible double salt being at once formed (fteparation of barmniy 
strontium, and calcium from magnesium). With salts of Bilver, copper, 
cadmium J cobalt^ nickel, and zinc the precipitate is redissolved by an 
excess of the ammonium carbonate. 

The decomposition of carbonates by acids is usually attended by marked 
effer?escenec of gai^eonR CO^ which reddens naoist litmus paper: NaXO^ + 
H,SO, - Na,SO, + H.,0 + CO, , ' ' 

With normal carbonates in cold solution, slight additions of aciJ (ehorfc 
of a saturation of half the base) do not cause effervescence, because acid 
carbonate is formed: SFaaCOj, + H.SO^ = ITa^SO^ + 2NaHC0, ; and 
when there is much free alkali present (as in testing caustic alkalis for 
slight admixtures of carbonate), perhaps no effervescence is obtained. 
By the time all the alkali is saturated with acid, there is enough water 
present to dissolve the Httle quantity of gas set free. But if the car- 
bonate solulion is added drop hy drop to the acid, so that the latter is con- 
fitantly in excess, even slight traces of carbonate give notable effervescence* 
The effervescEnce of mrhonic acid gaj^, COj ., is distinguished from that of 
H^S or SO J by the gas being odorhsSf from that of 1^.0^ by its being color- 
less and odorless; from all others by the cfTervcBceneo being proportionally 
more forcibk. It should be remembered, however, that CO^ is evolved 
(with CO) on adding strong sulphuric acid to oxaJales or to cyanates. 

On passing the gas, 00^, into solution of calcium hydroxide {a)i or of 
barium hydroxide (b)i or into solutions of calcium or b^irium chloride, 
containing much ammonium hydroxide (r), or into ammoniaoal solutioiL 
of lead acetate (tf), a white precipitate or turbidity of insoJuMe carboiude 
is obtained. The precipitate may be obtained by deeaniinff the gm (one- 
half heavier than air) from the test-tube in which it is liberated into a 
(wide) test-tube> containing the solution to be precipitated; but the opera- 
tion requires a little perseverance, with repeated generation of the gas, 
owing to the difficulty of displacing the air by pouring into so narrow a 
vessel. The result is controlled better by generating the gas in a large 
test-tube, having a stopper bearing a narrow delivery-tube, so bent as to 
be turned down into the solution to be precipitated, 
(fl) CO, + Cft(OS)j = CaCO, -f H,0 
(b) CO, -f- BarOH), = BaCO^ + H^O 
(e) 00, -I- CaCL + lNH.OH = CaCO, -h 2HH,Cl -h H,0 
(4) CO, -h Fb,0(C,HVOj, = FbCO. -<- Pb(C,H,0,), 

The solutions of calcium and barium hydroxides furnish more diHeatB 
tests for carbonic a7ihydride than the ammoniacal solutions of calcium and 
barium chlorides, but less delicate than lead basic acetate solution. Tho 
latter is so rapidly precipitated by atmospheric carbonic anhydride, that 
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it cannot be preserved m bottles partly full and frequently opened, and 
cannot be diluted clear^ unless with recently boiled water. 

Solutions of the add carbonates effervesce^ with escape of CO^ , on boiliiif 
or heatlnf , thus : 

2KHCO, = K.CO, + HjO + CO, . (Gradually, at 100^) 

2iraHC0, = WajCO, -h HjO + C0> - CGradually, at 70°; rapidly at 90* to IOC) 
2NH,HC0. = (NHJ.CO, + H,0 + CO, . i Begins to evolve CO, at 36°.) 
(NHJ,H,(COj, — 3(NHJ,C0, + HjO + CO, * (BegiBS at 49^) 

7. Ignition. — On ignition, the normal carbonates of the metals of the 
fi^ed alkalis are not decomposed; the carbonates of barium and strontium 
are dissociated slowly, at white heat, calcium carbonate at a full red heat, 
forming the oxide and CO^ . At a lower temperature, ignition changes 
all other carbonates to the oxide and CO^ , except that the carbonates of 
silver at 250 ''j mercury, and some of the rarer metals are reduced to the 
metallic state, 00^ and oxygen being evolved. Stannous and ferrous 
oxides ignited in an atmosphere of CO^ are changed to SnO^ and Fe^Oa , 
respectively, with evolution of CO (Wagner, Z., 1879, 18, 559). 

8. Detection.— Carbonates are detected : (a) By the sudden effervescence 
when treated with dilute acids, (h) By the precipitate which this gas 
forms with solutions of Ca(OH). , Ba(OE). , or Pb.O{C.H,0.). . If but a 
small amount of carbonate be present, the mixture must be warmed to 
drive the CO2 over into the reagent (6). A non-volatile acid as H^SO^ or 
HgPO^ should be used, as a volatile acid might pass over with the COj^ and 
prevent the formation of a precipitate, (c) Phenolphthalein detects the 
normal carbonate in solution of the bicarbonate (very delicate). Sodium 
bicarbonate fails to give a precipitate with magnesium sulphate (dis^tinc- 
tion from ^aXO,) (Patein, J. Phurm., 189S, (.5), 25, 448). 

To detect free carbonic acid in presence of bicarbonates, a solution of 
1 part of rosolic acid in 500 parts of 80 per cent alcohol may be employed, 
to which barium hydroxide has been added until it begins to acquire a 
red tinge. If 0.5 cc. of this rosolic acid solution be added to about 50 ce* 
of the water to be tested — spring water, for instance — the liquid will be 
colorlesSj or at most faintly yellowish if it contains free carbonic acid, 
whereas, if there be no free carbonic acid» but only double salts, it ^ill 
be red (Pettenkofer, Dingl, 1875, 217, 158). 

Salzer (Z., 1881, 20, 2S7) gives a test for free carbonic acid or bicar- 
bonates in presence of carbonates, founded on the fact that the l^essler 
ammonia reaction (§207, 6A') does not take place in presence of free car- 
bonic acid or bicarbonates* This reaction is also used to detect the presence 
of fixed alkali hydroxides in the fixed alkali carbonates. In presence of a 
fixed alkali hydroxide a brown precipitate is obtained (Dobbin, J, Soc. /ni., 
1888, 7, 829). 
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0, Estimation, — (n) By decomposition of a weighed sample with ncids nnd 
determining the CO^ by loss of weight, after taking into consideration the 
guin in weight di^e to the acid n&ed. (6) By deeomijosition of the weighed 
sample and collection of the COj in n weighed SOH solution, (v) By decom- 
position with an exeess of a standard aeid, boiling to expel the CO, and 
titrating the excess of acid* (d) Sodium bicarbonate may be estimated by 
titration with sodium hydroxide: NaHCO^ + NaOH = NaJGO, -f H^O , The 
first excess of sodium hydroxide beyond the reaction gives a browui precipi* 
tate with silTer nitrate (Lunge^ Z; anx/ei^,, 18^7, l&Q; Bohlig, Arch. Fharm.t 188S, 



§229. CyanogfiE. CN = 3G.04. 

ir=c — c=N. 

A colorless, intensely poi*ionous gas: speHfie ffmvitj/t 1^8064 (Gay-Lnasae, Oilb.^ 
lBl*j, 53, 145). The molecular weight shows the molecule to he CjU", , At 
ordinary atmospheric pressure it liquifies at ^22' (Drion, J., 1S60, 41); at 20* 
nuder four atmospheres pressure (Hofmann, Ji.^ IHIQ, 3, 658). The gas has 
an odor of bitter almonds and burns with a red color to the flame forming 
CO, and K. When cooled to about the freezing point of mercury it solidifies 
to a crystalline ice-like ma^s (llofmann, ^ *■*), Critiml temperature^ 1S14'' (De- 
yvBTi C N., 1385, 51, 27). The tiquid is colorless, mobile and a non-coiiduclor 
of electrieity. It occurs in the gas from the coke ovens (Bun sen and Play fair, 
J. pr., J847» 42, 14r>). It is prepared: («) By heating the cyanides of mercury, 
silver or gold: Hg(CN')j t= Hg -j- C,Ka . (b) By the dry distillatitm of am- 
monium o.vaiate: (NHJjaOt = 4H,0 + CjNj , (e) By fusing KCN with 
HgCl,: 2KCN -h HgCl, = Hg -j- sKCl + C,W, , {ft} By heating a solution of 
CiiSO, with KCN . Half of tht* CN is evolved and GuCN ib formed. If the 
CuON be healed with FeCl, or MnO, and HC.H^O^ , the remainder of the 
CK is ohtained. The gas is purified by absorption with aniline: oxy^ni, 
nitrogen and carbon dioxide are not absorbed (Jacqnemin, A. Oft., 1886, (GK 6, 
140), Tt combines with CI. Br, I, S, P, and with man^^ of the metals, 
reacting very much like the halogens. It diSBolves in water, alcohol and 
ether; but gradually decomposes with formution of ammonium oxalate and 
carbonate (Vauquelin, .1. Ch., Ii523, 20, 132: BufT and Hofraann, A., 1S50, 113, 
129). At 500"* it combines with hydrogen to form HCK (Berthelot, BL, 1H80, 
(2), 33. 2). With Zn it forms Zn(CN), , rapidly at 100*. With HCl and ahso* 
lute alcohol it forms oxalic ether, w^hieh shows cyanogen to be the nit rile of 
oxalic acid (Pinner and Klein, i?., IftTs. 11, 14R1). With solution of KOH » 
KOH and KCNO are formed; C,H, + ^KOH = KCN + KCNO + H^O . Com- 
pare the reaction with ehloritie and KOH (§270). 



§230. Hydrocyanic acid. HCIT = 27.048 • 

1, Propwties.— Hj^drocyonic acid is a clear, mobile liquid, boiling at 26*** At 
— 15* it freezes to a fibrous crystalline mass. St>eeifif tjrarilif at If***, QMl 
(Bleekrode, Prt^-. Rfty. tiitr,, 1H«4,'37, 329), It bums with a bluish -red flame, 
forming HjO , CO^ and N. It*? index of refraction Is much less tlmn that of 
water (Maseart, C. r., 187B, 86, Li2l). It is one of the most active ]ioisonii 
known: of a very charncteriKtie odor, t^nmewluit resembling that of Ijitter 
almonds. Tlie antidote is chlorine or ammonia by inhalation. Its water 
Bolution decomjioscs slowly, forming ammonium formal e: scarcely at ail in 
the dark. It distils readily unchanged. The l\ % P. solution contains two 
per cent of HCS". It is a weak acid, scarcely reddening litmus: its salts are 
partially decomposed by CO, . The free acid gr soluble salts when warmed 
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with dilute alkalis or acida f^iih atroi^ir acidsi in the cold) becomes formic 
acid und ammonia: HCN + 2H,0 = HCO.H -h NH» . 

2. OccurreiLce,— The ftte ufid dots not occur in nature, but in cambinatlon 
in tho kernel!? of bitter almonds* i>eaohes, apricots, plums, cherries and 
quinces; the blos^omts of the peuch, sloe and mountaiu ush; the leaveij of the 
peach, cherry Inurel and Portugal lavirel; the young brunches of the peaeh: 
the stem-bark of the Portu(ral laurel and mountain imhi and the root* of the 
last-n&med tree, when soaked in water for a time and then distilled, yield 
hydrocyanic acid, rog^ether with bitter-almond oil. Potassium cyanide appears 
in the deposits of blast furnaces for the smelting- of iron ores. 

As Formation. — («) DecomjMisition of a my gd aline by em nl sine and dtstt na- 
tion, {b} By the action of the elect rie spark on a mixture of acetylene and 
jiJtropreo (Bert helot. J.» I8T4, 113)* (c) By li eating- a mixture of eyono|rcn and 
hydrogen (§229)* ('/) By the dry distillation of ammonium formate; NfiHiCHOt 
^ HON + 2HjO . (' ) By boiling or fusing many organic compounds contain- 
ing nitrogen with KOK , forming KCN {Post and Huebner, B., 1B72, 5, 408). 
(f) By deeompogition of metallic cyanides with mineral acids, (tj) By heating 
chloroform with a mixture of ammoniuiw and potassium hydroxides (Hof- 
mann. A., \mi, 144. JIG). 

4, Preparation. — ((I ) By the action of dilute siilphirric acid on potassium 
ferroeyanide: 2K,Fe(CN), + riH.SO, — BHCK" + K^Te,iON}^ + 3K,S0, , 
(ft) By action of nvida upon metallic cyanides, (r) By the net ion of sulphuric 
acid upon mercuric cvanide in the presence of metalHo iron; Hg(CN)3 + Te -+- 
HsSO;^ 2HCN + FeSO, + Hg . 

Metallic cyanides are prepared: (n) By the action of HCN on metallic 
hydroxides* {hj By the action of Mjluble cyanides on metallic salts, (r) By 
igniting? potassinm"^ ferroeyanide: K,FetCN)J — 4KCN + FeC, -|- IT-, (d) By 
heating potassium ferroeyanide with pcitiis^ihun cjirbonnte. If prepared in 
this manner it contains some cyanatc: K,re(CN), + K.CO, ^ :iKCJl -f- KCNO 
+ Fe + CO, . 

5, SolubtHtleB.^Hydrocyanic aetd k soluble in water, alcohol and ether In 
all proportions, A mixture of equal pnrtB acid and water increases in tem- 
perature from 14° to 22. r»*: It also increases tilightlv in volume (Bussy and 
Buignet, .1. Cli.. lHii5» (4), 4* 4). 

The cyantdes of the alkali metals, alkaline earth metals, ftml mercuric 
cyanide, are soluble in watar, barium cyanide lieing but j^paringly soluble, 
The iolutions are alkaline to test- pa per. The other metallic cyanides are 
liiioli3ble in water. Many of these dissolve in solutions of alkali cyanides^ 
by combination, as doHhk ft*efaUk' cyan id e», 

Pb* Mg, As* Sb, Sn. Bi and Cd are dissolved by ECK" with absorption 
of oxygen, Cu . Al * Fe (by H or CO), Co, Nl , Zn and Mg with evolution 
of hydrogen: 2Cu + 2KCN + 'iH,0 = 20uCN + 2E0H + H, , Iron or steel 
wire are not attacked (Goyder. f^ .V., 1S04, 69, 2^2, 2GS nnd 2m}. 

iK Reactions. — There are two classes of double cyanides, both of which are 
formed when a cyanide is precipitated by ini zdkali cyjinide, and redissolved 
by excess of the precipitant: HgCl. + 2KCK = Hg(CN), + 2KC1: and with 
excess of KCH: Hr(CW), + 2KClf = (KCN),Hg(CN), - 

Class I* Double cyanides trhieh orv mit flfftHrd hff ft flu ft h}/dtfirhlr?t. hut Mvffrr 
digatttiiititm icht-n ii^vated trhth dihtte ftelda: (KCN).Hg(CN);, -|- 2HG1 = Hg(CH)^ 
+ 2KC1 -h 2HCN' . Tliese chisely resemble the double iodides {potassium 
mercuric) t and the double fiolphides or thiosjiHs (560. 5c and f>r). The most 
fretpiently occurring of the double cyanides of this class, which dissolve in 
M'ateri are given below: 

Potassium for sodium) zinc cyanide. K,Zn(CH)* or (KCK),Zn(CK)^ . 
Potassium (or sodium) nickel eyanirle, K,H1(CN), or (KCN);ififCK)j * 
Potassium (or sodhim) copper cyanide, K.CufCN"), or (i:CN);Cu(CN)a . 
Potoisium cadmium cyanide, K,Cd(CN). or (KCN),Cd(CN), . 
Potassium (sodium or amnioniura) silver cyanide* KCNAgCN or KAg(CK)i . 
Potassium (or sodium) mercuric cyanide* Ti/Rsi^'^U f^r rKCNl:Hg(CN)a . 
Potassium (or sodium) auric cyanide. SAu(CN)« or KCNAii(CK)# . 
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Class n. Double cyanides trhirit, fw prrclftUate^, firr tran^Hpmed ifff aJknH Jiyiirnj-- 
id€^, in ^ittttr mitittifm {a), ami are transttotffd, trUhout dimm-Satio^K ftff dihit^ Qvid» 
{b). In tht^Ke double t'yanules, aa pofussiiira ferroits cy ankle, KtEe(CN)» , the 
whole of the eyanogen appears to form ti ttew mnipf/undntdtrnl with that metal 
whose single ej anide is hisoluble in water: thns. Fe(CN)a as ** ferrocyanogen/* 
ll-ivinif K,re(CN), as " [jotassliini ferroeyanide " (for the potawHjum ferrous 
cyanide). These more stable drmble cy a aides or ** ferroeyanides,** ete., t^or- 
rewpond lo the platinic double ehloride.s or '* chloroplat mates " (§74. Tie), and 
the palladinm double chlorides, or ehloropalliidiates (§106. 5^). The most 
frequently oecnrnnpf nf the double cyanidea of this el ass, which are soluble in 
water, are given below. 

(fl) CTi,l*e(CN)„ + 4K0H = 20u(0H), + K,Fe(CN), 
(&) K,Fe(CN)„ + 2H:S0, = u>K,SO, + H,re(CN), 
2K,Fe(CW), + ;iH,SO, = HK.SO, + SH,re(CN), 

Alkali ferrocyanidps. as KtFe''(CN)^ , potassium ferrous eyanjde, 
Ferri cyanides, an K^Fe'"(CH)p. , potassium ferric cjamde» 
Cobalt ley an Ides, as KiCo'"(CNK . pntiissium cobtiltlc cyanide, 
MnngTiTiicyanides, as KjMn"'(CK)s , potassium nian^nic cyanide, 
Chromieyanides, as Ej(Cr"')(CN)rt , potassium chromic cyanide. 
The easily decomposed double ey an ides of Class 1. are, like tlic single cyan- 
ides, intensely poisonous. The diffleuitly decomposed double cyanides of Class 
II. are Dot poisonous. 

The Single Cyanides are transposed by the stronger mineral acids, more 
or less readily, with liberation of hijdronjanic acid, HCN, effervescing from 
concentrated or hot solutions, remaining dissolved in cold and dilute soln- 
tiona, Merenric cyanide furnishes HCN by aetion of H^S , not by other 
acids. The cyanidc!* of the alkali and alkaline earth metals are transposed 
by all acids— even the carbonic acid of the air— and exhale the odor of 
hydrocyanic acid. Solution of silver nitrate precipitates, from solutions 
of cyanides or of hydrocyanic acid (not from mercuric cyanide) silver 
ctjauid^, AgCH , white, insoluble in dilute nitric acid, soluble in ammonium 
hydroxide, in hot ammonium carbonate, in potassium cyanide, and in 
thiosulphates — uniform with silver chloride. Cold strong hydrochloric 
acid decomposes it with evolution and odor of hydrocyanic arid {recogni- 
tion frum chhride); and when well washed, and then gently iguited, it does 
not melt, but leaves metallic silver, soluble in dilute nitric acid, and pre- 
cipitable as chloride (disstinction and means of separation from chloride). 

Solution of merGuroTiB nitrate, with cyanides or hydrocyanic acid, is 
resolved into meiaUic mercun/, as a gniy precipitate, and mercuric cyanide 
and nitrate, in solution. Salts of copper react, as stated in §77, fSb; salts 
of lead, as stated in §57, 66. 

Ferrous salts, added to saturation, precipitate from solutions of cyan- 
ides, not from liydrocyanic acid, ferrous ctfanide^ Fe{Cll)^, white, if free 
from the ferric hydroxide formed by admixture of ferric salt, and, with 
the same condition, soluble in exees!^ of the cyanide, as (with potassium 
cyanide), {KCN)^Fe(CN)a = K4Fe(CN)o , potassium ferroajanide (fl). On 
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acidulating this solution, it gives the blue precipitates with iron salts^ 
more marked with ferric salts (b) : 

(a) 2KCK + Fe80« = Fe(CK), + K,SO« 

re(CN), -f 4KCN = K,re(CN)e 

(6) SK^FeCCN). + 4reCl, = re,(Fe(CN),). -f 12KC1 

This production of the blue ferric ferrocyanide is made a delicate test for 
hydrocyanic acid, as follows: A little potassium hydroxide and ferrous 
sulphate are added, the mixture digested warm for a short time; then a 
very little ferric chloride is added, and the whole slightly acidulated (so 
as to dissolve all the ferrous and ferric hydroxides), when Prussian blue 
will appear, if hydrocyanic acid was present (Link and Moeckel, Z., 1878, 
17, 456). 

Solution of nitrophenic acid, picric acid, CgH2(N0o)30H , added, in a 
small quantity, to a neutralized solution of cyanides of alkali metals, on 
boiling( and standing), gives a blood-red color, due to picrocyanate (as 
ECsS^NsOq). This test is very delicate, but not very distinctive, as var- 
ious reducing agents give red products with nitrophenic acid (Vogel,. 
C. N., 1884, 50, 270). 

The fixed alkali hydroxides, in boiling solution, strongly alkaline, gradu- 
ally decompose the cyanides \iath production of ammonia and formate: 
HON -f KOH -f HjO = ECHO2 +NH3 . Ferrocyanidos and ferricyanides 
finally yield the same products. Dilute alkalis, not heated, transpose, as 
by equation a, class II above. 

Cyanides are strong reducing agents. The action is not so marked in 
solution as in state of fusion (7). Permanganates are reduced by cyan- 
ides, and cupric hydroxide in alkaline solution forms Cu'. Solutions 
of cyanides on exposure to the air take up some oxygen with formation of 
a cyanate: 2KCN + 03 = 2KCN0 . Commercial potassium cyanide always 
contains some potassium cyanate. By warm digestion of a cyanide with 
sulphur or with yellow ammonium sulphide a thiocyanate is formed (8). 
Hydrocyanic acid reduces PbOj , forming Pb(CN)2 and CN : Pb0,> + 4HClf 
= Pb(C102 + C2N2 + 2H2O (Liebig, A,, 1838, 25, 3). With'HCN and 
H2O2 oxamide is formed (Altfield, J. C, 18G3, 16, 94). Chlorine form.'^ 
with hydrocyanic acid a cyanogen chloride (Serullas, A. Ch,, 1828, 38, 
370); with iodine the reaction is not so marked, but a similar product is 
formed (Meyer, B., 1887, 20, III, 704). Concentrated sulphuric acid 
decomposes all cyanides. 

7. Ignition. — By fusion \i4th fixed alkalis, cyanides and all compounds 
containing cyanogen yield ammonia. In state of fusion cyanides are very 
efficient reagents for reduction of metals from their oxides or sulpliidt'Ji 
to the metallic state (§69, 7). The cyanates or thiocyanates formed in 
the reaction are not readily decomposed by heat alone. 
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8. DeteotiotL. — Cyanides may be detceted: (a) By the odor of the free 
acid upon decoiiipo&ition of the cyanide with acids. This test must be 
applied with extreme caution as the evolved HCN or CN is very poisonous* 
(h) By formation of a ferrocyatiide and its reaction with ferric Baits, as 
described in 6, (r) The produHion of tjie red ferric ikiocyanak is a iesi 
for htfdrocyanic acid, mor^ delicate than formation of ferrocyamde. By 
warm digestion this reaction occurs: 2KCN + Sa — 2KCNS ; or: 

2(NH,),S, + 4HCN = 41^H,CNS + 2H,S + S. 

To the material in an evaporating-dish, add one or two drops of yellow 
ammonium snlphide, and digest on the water-bath until the mixture is 
colorless, and free from snlphide. Slightly acidulate with hydrochloric 
acid (which should not liberate H^S), and add a drop of solution of ferric 
chloride; the blood-red solution of ferric thiocyanate will appear, if hydro- 
cyatiic acid was present (Link and Moeckel, L c). 

(d) Link and Moeckel also recommend the following test for cyanides^ 
delicate to 1-3,000,000. Saturate a filter paper with a four per cent 
alcoholic solution of guaiac; allow the alcohol to evaporate; then moisten 
the paper with a one- fourth per cent solution of copper sulphate, and 
allow the unknown solution to trickle over this test paper. A deep blue 
color indicates the presence of a cyanide* 

To detect cyanides in presence of ferri- and ferrocyanides it is directed 
to add tartaric acid and, in a distilling flask, pass a current of carbon 
dioxide, warming not above 00'', Test the distillate by the methods 
given above. Ferro- and ferricyanideg do not yield HCN under 80"^ (Hilger 
and Tamba, Z , 18£)1, 30, 529 /also Taylor^ C. N., 1884, 50, 227). 

9. Estimation. — («) The nearly neutral solution of cyanide ift titratpfl with 
standard silver nitrate. No precipitate occutb as lon|^ aw two nioleoufes of 
alkali cyanide are present to one of silver nitrate. Soluble Ag€N.HCK is 
formed. As soon as the alkali cyanide Ik all used in the formation of the 
double cyanide, the next molefuit" of silver nitrate deeoin poses a molecule of 
the double Rait, forming two tnoieeules of insoluble silver eyanide: ifiving a 
whiie precipitate for the end reaction* Chlorides do not interfere (Liebis^* A., 
1851, 77, 102). (&) By titration with a standard sohition of H^d^ /applicable 
in presence of cyanates and thiocyunates {Bannay, J. C\, 1878, 33, 245)* 



§231, Hydroferrocyanic add, 'K^Tt{ClS[)^ ^ £16.173 . 
H',Fe''(CN)-', , 

Absolute hydroferrocyanic acid (§230. 0, Class IL), is t% 'white solid, freely 
soluble in water and in alcohoK The solution is strong-ly acid to test-paper, 
and di,*eonipo8es carbonates, with effervescence, and acetates. It is non- volatile, 
but abBorbK osyg-en from the air, more rapidly when heated, evolving hydro* 
cvunie acid and depositing- Prussian blue: TH|Fe(CN)„ -f Oj = re4(Fe(Cil)fl), 
4 2H,0 + 2*HCN. 

Potaiisiuin ferrocyunide i.^ the ttsuttl stnrtinfif point in the preparation of the 
free acid or any oV Iht* suits. It is prepared by fuj^ing" together in an iron 
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kettle nitrogenous animal matter (blood, hair, horn, hoof, etc.), commercial 
potash (KOH), and scrap iron. The ferrocyanide is formed when this mass is 
digested with water. The filtrate is evaporated to crystallization (lemon-yellow 
prism), soluble in four parts of water. 

Hydroferrocyanic acid is formed by transposition of metallic ferrocyanides 
in solution, with strong acids (a). When the solution is heated, hydrocyanic 
acid is evolved; in the case of an alkali ferrocyanide, without absorption of 
oxygen (6). Potassium ferrocyanide and sulphuric acid are usually employed 
for preparation of hydrocyanic acid (c) : 

(a) K,Fe(CN)e -f 2H,S0, = 2K,S0« + H,Fe(CN)e 

(6) 3H,Fe(CN), + K,re(CN), = 2K,'FeTe{CIf), -f 12HCN 

(c) 2K,Fe(CN), -f SHjSO, = SK^SO^ + K,FeFe(CN), + OHCN 

The ferrocyanides of the alkali metals, strontium, calcium and magnesium, 
are freely soluble in water; of barium, sparingly soluble; of the other metals, 
insoluble in water. There are double ferrocyanides; soluble and insoluble; that 
of barium and potassium is soluble, but pota^ium calcium ferrocyanide is in- 
soluble. The most of the ferrocyanides of a heavy metal and an alkali metal 
are insoluble. Potassium and sodium ferrocj^anides are precipitated from their 
water solutions by alcohol (distinction from ferricyanides). 

The soluble ferrocyanides are yellowish in solution and in crystals, white 
when anhydrous. The insoluble ferrocyanides have marked and very diverse 
colors, as seen below. 

Solutions of alkali ferrocyanides, as K4Fe(CN)o , give, with soluble salts of: 

Aluminum, a white precipitate, A1(0H)8 and Fe(CN)2 (formed slowly). 

Antimony a white " Sb^ [Fe(CN)o],.25H20 . 

Bismuth, a white " Bi,(Fe(CN),). . 

Cadmium, a white " Cd2Fe(CN)o (soluble in HCl). 

Calcium, a white " K2CaFe(CN), . 

Chromium, no " 

Cobalt, a green, then gray " COaFe(CN)« . 

Copper, a red-brown " Cu2Fe(CN)e . 

Ctold, no 

Iron (Fe"), white, then blue " K,FeFe(CN)« . 

Iron (Fe'"), a deep blue " Fe,(Fe(CN),)s . 

Iiead, a white " PbaFe(CN)« . 

Magnesium, a white " (NI£,),ia.gTe(CTH)^ (in presence of NH.OH) 

a yellow-white " KaMgFe(CN)« (only in concentrated solu- 
tion). 

ICanganese, a white " Mn2Fe(CN)« (soluble in HCl). 

Mercury (Hg*), a white " Hg4Fe(CN)fl (gelatinous). 

Mercury (Hg"), a white " Hg,Fe(CN)e , turning to Hg(CN)a and 

Fe,(Fe(CN)«),, blue. 

Molybdenum, a brown " 

Nickel, a greenish-white ** Ni3Fe(CN)o . 

Silver, a white " Ag4Fe(CN)„ , (slowly turning blue). 

Tin (Sn" and Sniv), white " (gelatinous). 

TTranium (uranous), brown " UFe(CN)o . 

TTranium (uranyl), red-brown " (TJ02),Fe(CN)fl . 

Zinc, a white, gelatinous " Zn2Fe(CN)o . 

See Wyrouboff (A. Ch,, 1876 (5), 8, 444; and 1877, (5), 10, 409). 
Insoluble ferrocyanides are transposed by alkalis (§230, G, Class II.) 
It will be observed (§230, 6) that ferrocyanides are ferrous combinations, while 

ferricyanides are ferric combinations. And. nlthoiigh ferrocyanides are far less 

easily oxidized than simple ferrous salts, being stable in the air, they are 
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ncverthelof^s reducing agent*, of moderate |>ower; £K,Fe(CN)s + Cl^ = 

2K,Fe(CN), + 2KC1. 

PbOj with .sulphuric acid f<jrtiii% Pb*' find H,Fe{CSr)„ . 

Ag' with tixed oikali fonuis an ulksiU ferric van id** and metallic silver. 

Crvi with phospbork" aekl, givt-s Cr'" and HpFeiCN)^ (Schonbein, J. /;r., 1840, 

20. 1 4a), 
Co'" with phoHphorie acid formn Co" and H,Fe(CN)„ . 
Ni'" with aeetic acid ^ive^ Ur a ad HjFe(CN), . 
MnD. with phosphoric acid givea Mn" and HiFB(CN), * 
Mu^'n forms with potasfiiiim hydroxide MnO. and potassium ferri cyanide. 

With Hiilphiiric acid, mang-anons snlphate and hydroferricyanic acid. 
Ferricvaijides when boiled with HH|OM give ferroeyantdeB (Playfair^ J. C, 

1857, 9, 128). 
HNO^ forms first hydroferricyanic acid, then hydronitroferricyanic aclil and 

NO, 
MNOg forms hydroferricyanic acid, and theo hydronitroferricyanic acid^ KO 

being evolved, 
CI forms first hydroferricyanic a ad hydrochloric acida. Excess of chlorine to 

be avoided in prepare ti tin of ferricyanides, 
HGlOj forms hydroferricyanic and hydrochloric acids. 
Br forms hydroferricyanic and hydro broniic acids. 
HBrO;, forms hydroferricyanic and hydrobromic acids. 
I , iodine is decolored by potassiam ferroeyanidtN and ssome potassinm ferri- 

eyanide and potassium Indide are formed. The action la slow and never 

complete ifJtnrHn^ii Efimf-hnuk^ 7, -ITiO)* 
HIO, f^rms hydrofi*rri cyanic jicid and free iodine. 

In anidysis. soluble fcrrncyanidcs aire recognized by their reactions with 
ferrous and ferric i^afts and ctpper waits (see 6^>. §126 and 577). Separated 
from ferricyaiiide, by iiisolubility of alkali salt in aleohol. 

FerrocyanfdcH are estimsjted in solution with std]>huric acid by titrating with 
standard KMnO, . Also by ]jrccipitation with CuSO^ cjther for gravimetric de- 
termination or volumetrically, using a ferric salt as an external indicator. 



§232. Hydroferricyanic acid. H,Fe(CN)o = 215.164. 

H;re'"(cir)-',. 

Absolute hydroferri cyanic acid^ H,Fe(CN)n , is a non-volatile, CTystallizable 
solid, readily soluble in water, with a browaish color, and an acid reaction to 
test-paper. It is decomposed by a slight elevation of temp*ratun'. In the 
transposition of most ferricyaoides, hy sulphuric or other acid, the hydro- 
ferricyanic acid radical is broken up. 

Potafisjum ferricyanide is the usual starting point in the preparation of most 
ferricyanides. It is prepared by passing chlorine into a cold solution of 
K^FeiCN)^ until a few drops of the liquid give a brownish color, but no pre- 
cipitate with a ferric salt. The solution is evaporated to crystallUation and 
the salt repeatedly recrystallized from water. Lnrge red ]»rismn1ir crystals, 
very soluble in water, freely soluble in alcohol (distiaetion frotn K.FetCN),). 
The free acid is made by adding to a cold satumted solntii>n of K.FefCl^)* 
thrive volumes of concentrated HCl and drying the precipitate which forms, 
in a vacuum (Joannis, (\ r,, 1^2, 04, 440, 541 and 72:j>. Lustrous, l>rownisU- 
grcfu needles, ^t^ry soluble Jn water and alcohol, iosoluble in ether. 

The ferrlcyanida* of the mctaJ:^ of the alkalis and alkaline earths are BOlublo 
In water: those of most of the other nietals are insoluble or sparingly soluble. 
The soluble ferricyanides hiive a red color, both in crystals and snlntioni those 
insoluble have ditfercnt, strongly marked colors. Fotnssinm and sodium ferri- 
cyanides are btit slightly, or not at all, precipitated from their water solutions 
by alcohol (separation from ferrocyanides), 

Ferricyanides are not easily decomposed by dilote acids: but alkali hydro y- 
ides, either transpose them or decompose their rftdieols (§230, G). 
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soluble io at'ids m\d in omtno* 



nsoluble In acids. With nnnino- 
ferricyanide gives a blood -red 



Solutions of met a Hie fenicyatiideB s"lve, with soluble salts of: 
Aluminum, no precipitate. 
Antimony, no precipitute. 

Bismuth, light-brown precipitate, BlFe(CN), , insoluble in HCl 
Cadmium, yellow precipitate^ Cd,[re(CH)»]a , 

niuni hydroxide. 
Chromium, no precipitate. 
Cobalt , l>r o w u -red pr e<* i j j i t a t e , Co* [ r© ( CN ) « ] , , 

ninm chloride and hydro.^ide, excess of 

solution, a di.^tinctlon of cobalt, iroin nickel, manganese and zinc, 
Copper, a yellow-green precipitate, Cui[Fe(Clf)s]a . insoluble in HCl. 
Gold, no precipitate. 

Iron (ferrous), dork^ blue precipitfitr, I*€, [i'e(CN)«]j , insoluble in acid®. 
Iron (ferric), no precipiiafc, a darkening of the liquid. 
Lead, no preeipitinc, except in concentrated solutions (dark brown). 
Man gan ese. b r o^i- n precipitate, Mn^ [ Fe ( CK ) « ] j , i n so In b 1 e i n acids. 
Mercury (mercuroua), red-brown precipitate, turning white on standing. 
Mercury (mercuric), no precipitate. 
Nickel, yellow^ -green precipitate, Ni4[Fe(CN)*]j , insoluble in hydrochloric acid. 

With ammonium chloride and hydroxidei excess of ferricyanide gircs a 

copper-red precipitate. 
Silver, a red-browu precipitate, Ag'jFefCW)^ . soluble in NH^OH . 
Tiu (stauuoua), white precipitate, SUj [Fe(CN),]a , soluble in hydrochloric acid. 
Tin (stanmc), no precipitate. 
TTranium (uranoua), no precipitate. 
Zinc, orange precipitate, Zn, [Fe{CN)a]a , soluble in HCl and in NH|OH . 

Ferricyanides, ferric combinationK, are capable of acting as oxidising agents^ 
becoming ferrocyanides, ferrous combinations. 

4K,FetCin, + 2H,S = HK,Fe(CW), + H,Fe(CN), + S, 
2K,Fe(CN), + 2KI= 2K,Fe(CN), + I, . 

Hi trie acid, or jjcidulated nitrite, by continued digestion in hot Rolution, 
effects u still higher oxidation of ferri cyanides, with the production, auioug 
other products, of jutroferritifftnidf^ or liitnipntHiiitif^ (Play fair, Phil. Mag., 1845^ 
(3), 26, 197, 271 and MS). Thctie ^hUh are generally held to have the composi- 
tion represented by the acid H^FeiWO) (CN)3 . ^Soilium ititritpntxMidr is used as 
a reagent for soluble sulphides* — that is, in presence of alkali hydroxides, a 
test for hydrosulphnric acid: in presence of hvdrosulphuric acid, a test for 
alkali hydroxides (§207, O/j). 

K*Fe(CN), is reduced to K,Fe(CN),; liy Pd . Th , Mg and Aa , but not hy 
Pb , Hg , Ag , Sb , Su , Au , Pt , Bi , Cu , Cd , Te , Al , Fe , Co , Mn , Zn and In . 
When a sheet of any metal except Au and Pt is placed in contact WMth a 
solution of KjFe(CN')« and FeCls , a coating of Prussian blue is soon formed 
(Boettger, J. f.\, 1H73, 20, 47:i), 
Pb" with potassium hydroxide forms PbO, and potassium ferrocyanide (Wa#l«* 

Dfctionur}/, lS.su, 2,'34(J). 
Su'' with potasEsinm hydro?cide forms potassium stannate, K^SnO, and potas* 

slum f c r rocy a n i d e ( Wa ttft* D ir turn a n/, f , r . ) . 
Or''' forms in alkaline mixture a chromate and a ferrocyanide (Bloxam, €, JV., 

1885, 52, 109). 
Mn" with potassium hydroxide forms MnOa and potassium ferrocyanide 

(Bondault. J. pr., 1845, 36, 23), 
Co" and Ni" are not oxidized. 

In alkaline solutions K,Fe(CN)i oxidizes sngnr, starch, alcohol, oxalic acid 
and indigo {Wallace. J. C„ 1855, 7, 77; Mercer, Phi!. Mufj., 1847, (:i>, 31, 12fi>. 
HNO:i and HNOa both forni hydronitroferricyjinie acid, H»Fe(NO) (CN), . 
NO in alkaline solution becomes a nitrate (Wallace, ^c). 
P in alkaline solution becomes a phosphate (Wallace, h v.). 



§233, 



CYANIC ACID. 



271 



HHjPO, forms H,F©(CK)^ nml H.PO, . 

H:S forms S, then H.SO, and H»Fe(CNj, (Wallace, (,c,). 

SO, forms H,SO, and H,Fe(CN)^ . 

CI cleeoni poses ferrieynindes. 

HC10« nets upon K,Fe(CW)^ , forming potaasiuin superferri cyanide, KjFe(CN)^ 

(Skraup. A., ISTT, 189, Am), 
HI forms H.Fe(CJr)« and I . 

FerTiryanit!i?s in Holution are detected by the reactions with ferrous and 
ferne snhs (91^6, (>^j). InHoluble compounds rare ii^nited (under a hood) with 
a fixed alknli, |:!'i\in^ an alkali cyanide, ferric oxide, and an oxide of the metal 
In combination. Detect the alkali cyanide as directed (S230, t^), A ferri- 
cyanide ts estimated hy reduction to ferrocyanide with KI in presence of con- 
centrated HCl; the liberated iodine beinpr titrated with standard Na^SjOi . 
Or it is reduced to ferrocyanide by boilini^ with KOH and FeSO^ , filtering, 
aeidulatliag' with H,SO« and titrating with KMnO^ « 



Cyanic a«id. HCKO = 43.048 , 

H — — C=IT. 

The cyanates of the alkalis and of the fonrth-^roup metals may be made by 
passing cyanogen gas into the hydroxides. The cy a nates of the alkalis are 
easily prepared by fusion of the cyanide with some easily reducible oxide. 

C,N, + 2K0H ^ KCNO + KCN 4^ H^O 

KCN + PbO = KCNO + Pb 

4KCN + Pb,0, = 4KCW0 + :\Th 

The free add may be obtained by heating cyanuric acid, H,C,N,04 , to 

redness* better in an atmosphere of CO^ , Cyanic acid is found in the die- 
tillute, H.CiN.Oj = aHCNO . 

Absolute cyanic acid, HGNO , is a colorless liquid, giving off pungent, irri- 
tating vaptjr, and only preserved at very low temperatures. It cannot be 
forined by transposing metallic cyanates with the stronger acids in the pres- 
«*nee of water, by which it is changed into carbonic anhydride and ammonia: 
HCNO + H.O = NHj + CO J . The cyanates, therefore, when treated with 
hydrochloric or sulphuric acid, effervesce with the escape of c^trhotiic anhtfdrliJe 
(distinction from cvanides), the pungent odffr of rpunir nrhi being percept! iile: 
2KCN0 + 2H,S0/+ 2H,0 = K^SO* + (irHV)=SO, 4- tJCO, . The nmrmmia 
remains in the liquid as ammonium salt, and may be detected by addition of 
potassium hydroxide, with heat. 

The cyanates of the metals of the alkalis and of caleinm are soluble in water; 
most of the others are insoluble or sj>aringly soluble. All the solutions 
^adnally decompoBC, with evohition of ammonia* i<Urtr rjfftntife is sparingly 
soluble in hot water^ readily soluble in ammonia; soluble, with decom posit ion, 
in dilute nitric acid (distinction from cyanide). Copper cu(inat4 is precipitated 
gree n is h -ye 1 1 o w* 

Ammmiium ci/aimtf in solution changes gradually, or immediately when boiled, 
to urm, or carbnndde* with which it is isomeric: KH^CNO = CO(NH;)j . The 
latter i^ reccfLnii/cd by the characteristic crystalline lamina? of its nitrate, 
when a few dr^jps ctf the eolation, on gla&a, are treated with a drop of nitric 
acid. Also, dilution of iirt^a with solution of niercxiric nitrate, forms a white 
precipitate, GH,NjO(HgO). , not turned yellow (decomposed) by solution of 
sodium carhouate (no excess of mercuric nitrate being taken). Solution of 
urea, on boiling, is resolved into ammoniiim carbonate, which slowly vaporizes: 
CH^N.O + 2H.0 = (li"H,)5C0, . Cyanates, in the dry way, are reduced by 
strong deoxidis£ing agents to cyanides. 

For detection of a cyanate in presence ot eyanideB, eee Schneider, B,, 1895, 
28, 1540. 



THlOCYA^W ACID. 



§234. 




gaSl Thiocyanic acid. HCNS ^ 59.118 . 

An aqueous solution of HCNS may be obtained by treiiting: lead tliioeyatiate 
sni^pended in water with H^S . ulso by treutiui^' bariuca thioeyatiate with H^SO^ 
in tnoleculur proporiionii.. Tin* Htibyflrous acid ik obtaiiied by treating- dry 
Hg(CNS)^ with H;S . Potassium tbioeyanate is fcirnit*d by fusing^ KCN \%^iih 
S. Or two parts of K4ro(CN)ft with one part of aulphnr. Also by fusing- the 
cyanide or ferrocyunide uf putah^ium with potassium thiosulphate, SiS^O,: 

2KCN + S, =2KCNS 

K,Fe(CN), -f 3S, = 4KCNS + re(CNS)j 

4KCN + 4K,s,o. = mens + m.so, + k,s 

2K,Fe(CW), + l2KaS,0. =: 12KCNS + 9K,S0, + K^S + 2FeS 

Thiocyanic acid ts quite as frequently called Hulphocyanle acid» and its salts 
either thjocyanates or sulphoeyauates. It corresponds to eyanie acid^ HCNO ; 
oxygen being ssubstituted for sulphur. 

Absolute thiocyanic acid, HCNS , i& a colorless liquid, crystallising' at 12® 
and boiling at 85''. It has a pungent^ acetous odor, and reddens litmus. It is 
soluble in water* The absolute ac^id decora puses i|uiie rapidly at ordinary 
temperatures: the dihtte solution slowly; with evcdution of carbonic anhydride, 
carbon disulphidc, hyd roan Iph uric acid, hydrocyanic acid, ammonia, and other 
products. 

The same products result, in greater or less degree* from transposing mhiblr 
thiocyanates with strou^^ acids; in greater deg^ree as the acid is stronger and 
heat applied; while in dilute cold solution, the most of th*^ thioeyatiic acid 
remains^ undecomposed* giving the acetous odor. The thiocyanates* in^o!ublr 
in water* are not all readily transposed. Thiocyanates of metals, whose sul- 
phides are insoluble in certain acJds» resist the action of the same acids. 

The thiocyanates of the metals of the alkalis, alkaline earths; also, those of 
iron (ferroua and ferric), manganese, zinc, cobalt and copper — arc soluble in 
-water. Mercuric thioeyanate, sparingly soluble; potassium mercuric tbioeynnnte, 
more soluble. Silver tlthx^imtiofr is insoluble in watery insoluble in dilute nitric 
acid, slowly soluble in ammonium hydroxide* 

Solutions of metallic thiocyanates give, with soluble salts of; 
Cobalt, very concentrated, a blue color. Co(CNS)!, , cry stall liable in blue 
needles, soluble in alcohol, not in carbon disulphide. The coloration iss 
promoted by warming, and the test is best made in an evaporating dish. 
Ill strictly neutral solutions, inm, nickel, zinc and maug-anese, do not 
interfere* 
Copper, if concent rated, a black crystalline precipitate, Cii(CNS)2 . soluble In 
thioeyanate. With sulphurous acid, a white preei]>itate. CuCNS; also with 
hydrosulphnric acid {used to separate a thioeyanate from a chloride) 
(Mann, Z„ 18H9, 28, 068), 
Iron (ferrous), no precipitate or color. 

Iron (ferric), an intensely blood -red solution of Fe(CNS)i , decolored by solu- 
tion of mercuric chloride (|126, fit, dtntinctwn from ficetir firfrf); decolored 
by phosphoric, firscnic. oxafir and iodic acids, etc., unless with excess of 
ferric salt; tlecolort^d by alkalis and by nitric acid, not by dilute hydro- 
chloric acid. On introduction of metallic zinc, it evolves h^'drosulphnric 
ncid. Ferric thioeyanate is soluble in ether^ which extracts traces of it 
from aqucons mixtures, rendering ils color much more evident by the 
concentration in the ether layer* 
Xiead , gra d u al ly , a yell owl sh cry at all i n e pr eci pi t at e , Fb ( CNS) ^ , e ha n ged by 
I boiling to white liasic salt. 

Mercury (mercurous), a white precipitate, H^NS , resolved by boiling into 
Hg and Hg:(€NS). . The mercurous thioeyanate, HgCNS , We lbs greatly 
on itmUUm (being used in ** Pharaoh's serpents *'), with evolution of mer- 
cury, nitrogen, thiocyanogen, cyanogen and sulphur dioxide. 
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Mercury {mercuric). In solution;^ not very dilute^ a white precipitate, 
Hg'(CNS)a , somewhat soluble in excess of the thiocyanutes, sparingly 
soluble in waten moderately soluble in alcohol. On ignition, it swelU like 
the inercLirijus precipitate. 
Platinum, PUitinie ehloride, giadaally added to n hot, concentrated sol tit Ion 
of potaHKinm thiocyanate. forms a deep-red solution of double thioeyaniiu* of 
Iiotassjuin and platinnm (ECNShPt(CN8)t , or more properly, K.Pt(CNS)^, 
potasaittm thim't/finniiUifimite. The latter salt gives briprht-eo Sored precipi- 
tates with metallic s^lts. The thiocyanoplatinate of lead (iso formed) is 
*Told en-colored: that of silver, ornnge-red. 
Silver, a white precipitate, AgCKS , jnKohible in water, insoluble in dilute 
nitric acid, slowly j^oluble tn ammonium hydroxide, readily soluble in excess 
of potassium thiocyanate; blackens in the light; soluble in hot eoneent rated 
H,SO, (separation from AgCl) {Vol hard, .4., 1ST 7, 190, 1). 
Certain active oxidisting agents, vr/.., nasoent chlorine, and nitric acid contain- 
ing nitrogen oxidei?, acting in hot, eoneeritrntet! solution of thiocyanates, pre- 
cipitate pfr(lltiocjt(fi-nof;f w, H(CNS), , of a yellow-red to rose- red color, even blue 
sometimes. It may be formed in the test for rodine, and mistaken for that 
element, in starch or carbon disulphide. If boiled with solution of potassium 
hydroxide, it forma thiocyanate. 

Concentrated hydrochlorie acid, or sulphuric acid, added in excess to water 
solution of thiocyanates, causes the gradual formation of a yellow precipitate, 
perthiovimniv uv-UU (HCN),Sj , slightly soluble in hot water, from which it 
cr3'stallizes in yellow needles. It disssolves in alcohol and in ether. 

Potassium thiocyanate can be fused iu closed vessels, without decomposition; 
but with free access of air, it is resolved into sulphate and cyanate^ with 
evolution of sulphurous acid* 

When thioeyanic acid is oxidissed, the final pnKluct, as far as the sulphur la 
concerned, is always sulphuric acid or a sulphate. In many eam-s (in acid mix- 
ture) it has been proven that the cyanogen is evrdved as hydrocyanic acid, 
Tn other cases the tame reaction is assumed as probable. 
PbOa and PbjO* form Pb" and sulphuric acid, in acid mixture only (Hardow, 

./. C, isriD, 11, 374). 
HiAsOf forms H.AsOa ^ hydrocyanic and sulphuric acids. 
Co"' forms Co" , hydrocyanic and sulphuric acids, 
Ni'" forms Ni" , hydrocyanic and sulphuric acids, 
CrVi forms Cr'" , hydrocyanic and sulphuric acids. 
Ma^+ti forma Mn", hydrocyanic and ?*nlphuric acids. In alkaline mixture, a 

cyanate and sulphate are formed (U'urt^'s Dirt. Chitn.^ 3» 9,'>). 
HNO, form& snlphurie acid and nitric oxide, 
HNOj forms sulphuric acid and nitric oxide. 

CI forms at first a red compound of unknovm composition, then HCl , H.SO^ 
and HCN are produced. In alkaline mixture a chloride and s-jlphalc are 
formed, 
HCIO same as with CI . 

HC10| forms sulphuric, hydrochloric and hydrocyanic acids, 
Br forms HBr and H.SO, : but with alkalis, u bromide and sulphate, 
HBrO, forms HBr and H,SO, , 
HIO| forma H,SO, and free iodine. 



§235, Nitrogen. If = 14.04 . Valence one to five* 

1, Properties.— Weight of molecule, N- , 3S,0R, Vapor density, 14 (Jolly, W, 
.1., 187i», 6, .'.:{<►), At —123,8**, under pressure of 42,1 atmospheres, it condenees 
to a liqnid (Sarrau, ('. r.. 1S82, 94, 718). Boiling point, — 1E»^,4* (Olszewski, W. .1., 
1897, 31, 58), Liquid nitrogen i« colorless and transparent. The gas is taste- 
less, odorless and colorless. Not poisonous, but kills by excluding air from the 
lungs. Does not burn t^r support combusion. It is very inert, not attacking 
other free elements. Its simplest combinations are the following: N'-'"H'j , 
N,0 , NO . N;©, , HO. and ^.O^ * The number of organic compounds contain- 
ing nitrogen i» very large. The nitrogen in all compounds that are the 
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immediate products of vegetable growth has a valence of minus three and 
may without change of bonds be converted into N— "'H', . This statement is 
made with a limited knowledge of the facts and without, at present, having: 
conclusive proof; and merely predicting that future research will verify it. 

2. Occurrence. — It constitutes about four-fifths of the volume of the atmos- 
phere. It occurs as a nitrate in various salts and in various forms as a con- 
stituent of animal and vegetable growths. 

3. Formation. — (a) From the air, the oxygen being removed by red-hot 
copper, the CO, by potassium hydroxide, the ammonia and water by passing 
through H2SO4 . (6) Ignition of ammonium dichromate, (NHJ^CrjOy = N, -f- 
CFjO, -h 4H2O . (r) By heating ammonium nitrate and peroxide of manganese 
to about 200° (Gatehouse, C. A'., 1877, 35, 118). (</) Ignition of NH^Cl and 
KaCr^O,: 2NH,C1 -f K^Cr.O, = 2KC1 -f N, -h Cr=0, + 4TL,0 . Unless the 
temperature be carefully guarded traces of NO are formed, which may be 
removed by passing the gases through FeS04 . (r) Action of chlorine upon 
NH,: 8NH3 + 3CI2 = 6NH,C1 -h N, . The NH, must be kept in excess to 
avoid the formation of the dangerously explosive chloride of nitrogen, NCls . 
(f) Removing the oxygen from the air by shaking with NH4OH and copper 
turnings, {g) Burning phosphorus in air over water. (/*) By passing air 
through a mixture of FeS and sawdust: then through a pyrogallate solution, 
and finally through concentrated H3SO4 . (1) By shaking air with Fe(0H)2 
and Mn(0H)3 . (/) By passing air through an alkaline pyrogallate. (A') By 
passing air, from which CO, has been removed, mixed with hydrogen over 
heated platinum black, the hydrogen having been added in just sufficient 
quantity to form water with all the oxygen (Damoulin, »/., 1851, :i21). (/) By 
warming a concentrated solution of NH4NO2 or a mixture of KNO^ and NH^Cl: 
NH4NOJ == N, + 2H2O . Potassium dichromate is added to oxidize to nitric 
acid any of the oxides of nitrogen that may be formed (Gibbs, 7?., 1877, 1387). 
(m) Bv action of potassium or sodium hvpobromite upon ammonium chloride: 
3NaBrO -h 2NH,C1 = N, '-f SNaBr -f- 2liCl + 3H,0 . 

4. Preparation. — T^'itrogen has been economically produced by most of the 
above methods. 

5. Solubilities. — Nitrogen is nearly insoluble in all known liquids. 

6. Beactions. — At ordinary temperatures nitrogen is not acted upon by other 
compounds. Nodules growing on the roots of leguminous plants absorb nitro- 
gen and build up nitrogenous compounds therewith. 

7. Ignition. — Under electric influence it combines slowly with hydrogen; 
also with B , Cr , Mg , Si and V . 

8. Detection. — Nitrogen is more easily detected by the nature of its com- 
pounds than by the properties of the liberated element. 

9. Estimation. — (a) As free nitrogen by measuring the volume of the gas. 
(6) By oxidation of the organic substance with hot concentrated H3SO4 , which 
also converts the nitrogen into ammonium sulphate. For details, see works 
on organic analysis, (c) By decomposition of the organic material with potas- 
sium permanganate in strong alkaline solution, forming ammonia, (d) By 
combustion of the organic compound in presence of CuO and Cu° , absorbing 
the CO2 by KOH and determining the nitrogen by volume. 



§238. Hydronitric acid (Azoimide). N3H = 43.128 . 

N 
Constitution, || ^NH 

N 

Curtius, B., 1890, 23, 3023. A clear mobile liquid of a penetrating odor, a 
very irritative effect upon the nostrils and the skin, and readily exploding 
with exceeding violence. Boiling point, about 37°, Soluble in water and 
alcohol. An acid of marked activity, dissolving a number of metals with 
evolution of hydrogen. Its salts, the trinitrides of the metals of the alkalis 
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anci the alkaline earthfi, are soluble In water antl crvstallizflble (Dennis, J. Am, 
hm\^ IP^GS* 20, 22nJ. PotaRskim trinitride precipitates from thorium Balls, the 
hydroxide of this tuetul in qunntitotive separation from cerium, lanthanum, 
neodymium and praseodymium (Dennis, ■/. Am, ^SVir., |H0(>, 18, tM7), Hydro- 
nit He acid is formed by treating ammonia with sodium, and the resulting' 
sodamlde, NaNH, , with nitrous oxide; 2KaHHa + H,0 = KaNi + N&OH + 
JTH, (WUliceuuii, Ji., 1802, 25, 2084), 



§237, Nitrous oxide. K^O = 44.08 , 

W,Q-\ N — — N , 

Nitrous 03dde becomes a colorleiss liquid at 0* under preasnre of three 
atmospheres (Farady, J„ 1B45, 56» 157). Melts at —09° and boils at — i>3° 
(Wills, J. t\, 1874, 27, 21). It is a colorJes:^ ^aa with slight sweetish smell and 
taste. Supports combustion. When breathed acts as an aniesthetia of short 
duration; and is used in dentistry for that purpose. Decomposed by heat 
com plet e 1 y at 900 '^ i n to N a n d O ( M ey e r , P^/foe/i em iwrh . i Vt / vrmivh . , 1 s H5 ) . Pa Jise d 
over red-hot Iron N and Pe.O, arc fomicHU K and Na burn in nitron r oxide, 
liberating' the nitrogen. As a rule both gaKes and solids that burn in air bum 
also in nitrous oxide. It is formed: (fi) By bciitini? ammonium nitrate in a 
retort from 170^ to 2m'': NHhNO, = N,0 + 2H,0 . {h\ By passing ITO through 
solution of SO3 . (e) By action of HWO^: a/i. r/r., 1.42, diluted with an equal 
volume of water, upon metallic zinc, ((f) A mixture of five parts of SnCl^ , ten 
parts of HCl , itp. tjr., 1.21, and nine parts of HNO^ , s^k iit\, l.:i, is heated to 
boiling: 2HN0, + 4S11CI3 + 8HCI — 4S11CI4 + N3O + 5H,0 {Campari, /. C, 
1889» 5&, 569), 



§238. Nitric oxide. NO ^ 30.04 . 
N"0-", N = , 

1. Proparties.— The T?appr density (15) shows the molecnle to be NO (Daceomo 
and Meyer, B., 1887, 20, isag). Under pressure of one atmosphere it la 
liquified at — 153.^*, and undtr 71.2 utmottpheres at — 93.5'*, and Bolidifies at 
— 1G7° (Olszewski, C r., 1877, 85, 1016), Odor and taste unknown, on account of 
its immediate conversioD into NO, on exposure to the air. 

2. Occurrence. — Not found free in nature. 

3. Pormation. — {u) lleduetion of nitric acid by means of ferrous sulphate 
previously acidulated with H^SO^ . {h) Action of cold nitric acid, *p, jirr., 1.2, 
upon metallic copper; unless great care be used other oxides of nitrogen are 
produced, (0) SO a is passed into slightly warmed HNOa , »p, f/n, 1.15, and 
excesfl of SOj removed by passing through water, (</) According to Emich 
(J/,, 1803, 18, 7:1 ), a strictly pure nitric oxide is made by treating mercury 
with a tTiixture of nitric and sulptouric acids. 

5. Solubilities,— Soluble in about ten vohimes of water and in five volumes 
of nitric acid, »/>, £fr„ 1.3. One hundred volumes of H.SO^ , jjp. r/r., 1.84, and 
1.50, dissolve 3.5 and 1.7 volumes respectively (Lunge^ /I., 1885, 18, KitUK A 
Itj per cent solution of ferrous sulphate dtssolves six times its own vohime of 
the gas forming the '* brown ring,*' which is decomposed at 100°, Soluble in 
CSj and in alcohol. 

0. React ions.— Wheti heated In nitric oxide to 450**, Ag , Hg iind Al are un- 
changed; filings of Cu , I*© . Cd and Zn are superficial ly oxidized, but lead is 
completely changed to PbO; while if the metals are in nn exceedingly fine 
state of division (by reduction of their oxides by hydrogen), Ni at 200" be- 
comes NIO , Fe at 200'=' forms FeO . Cti at 200"* forms CtLjO: the higher oxldew nf 
these metals not being thus prnilueed (Rnbatier and Senderens. P. r.. 18[*2, 114. 
1429). Oxidised to KNO. by KMnO, : KKnO, + NO := MnO, + KNO, (Wank- 
lyn and Cooper, I'hlL !/</»/., 1878, (:»), 6. 2^^), 
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Nitrous acid. HNOj = 47.048 . 
H'N'"0-"2,H — — N = 0. 

1. Properties. — Nitrous acid is known only in solution. Made by addinfr 
NaOt to water. It has a blue color and, owing to its tendency to dissociation 
(eHlTO, = 2HN0, + -INO -h 2H,0), is very unstable (Fremy, C. r., 1870, 70, 01). 
Nitrous anhydride is obtained when a mixture of one volume of oxj-g-en and 
four volumes of nitric oxide are passed through a hot tube, 4N0 4-0, = 21^ ^O^ . 
It is a deep red gas, condensing to a blue liquid at 14.4** under 755 mm. pressure 
(Gains, C. iV., 1883, 48, 97). 

2. Occurrence. — Traces of ammonium nitrite are found in the air, in rain 
water, river water and in Chili saltpeter. When found in nature it is usually 
accompanied by nitrates. 

3. Formation. — By action of nitric acid, «p. gr., 1.35, upon starch or nrsenous 
oxide. At 70** nearly pure NjOg is obtained, which passed into cold \vater 
forms HNO, . Nitrites of potassium and sodium may be formed by ignition 
of their nitrates (a prolonged high heat forming the oxides). Or the alkali 
nitrites may be made by fusing the nitrates with finely divided iron: lead 
nitrite by fusing lead nitrate with metallic lead, and silver nitrite may be 
made from these by precipitation: and from this salt many nitrites may be 
made nearly pure by transposition: c. .(/., BaCl, + 2AgNO*2 = BaCNOJ*, ^- 
2AgCl and then Ba(NO,), + ZnSO, = Zn(NO,), + BaSO, . 

4. Preparation. — Same as above. 

6. Solubilities. — Silver nitrite is only sparingly soluble (120 parts of colrT 
water). The other normal nitrites are soluble: but many basic nitrites are 
insoluble. 

Nascent hydrogen in presence of an alkali reduces nitrates to nitrites: e. ff,, 
sodium amalgam, aluminum wire in hot KOH , etc. Used in excess the nascent 
hydrogen reduces the nitrogen still further, forming NH, . 

6. Beactions. — A, — ^With metals and their compounds. — Nitrous acid acts 
sometimes as an oxidizer, sometimes as a reducer; in the former case NO is 
usually produced (under some conditions NjO , N and NH, are formed); in the 
latter case nitric acid is the usual product, but sometimes NO, is produced. 

1, PbOs becomes Pb" and nitric acid. 

2, Hg^ becomes Hg** and nitric acid. 

3. Crvi becomes Cr"' and nitric acid. 

4. Co" becomes Co'" and nitric oxide. Excess of XKO, with acetic acid is 
used to separate cobalt from nickel (§132, Gc), 

5. Ni'" becomes Ni" and nitric acid. 

6, Mn" + n becomes Mn" and nitric acid. 

B, — ^With. non-metals and their compounds. — 

1. H4re(CN)« becomes first H8re(CN)e and then hydronitroferricyanic acid- 
Solution of indigo in sulphuric acid is bleached by nitrites. 

2. Nitrites are decomposed by nitric acid. 

3. HH2PO, becomes HjPO* and NO. 

4. HjS does not displace or transpose alkali nitrites, but if acetic acid be 
added to liberate the nitrous acid, then S° and NO are produced. HjSO, be- 
comes H2SO4 and chiefly NO . With excess of H3SO, , N^O or NH, is formed. 
See Weber, Pogg,, 1860, i27, 543, and 1867, 130, 277; Fremy, C. r.. 1S70, 70, Gl. 

5. HCIO, becomes Cl° and HNO, . 

6. HBrOg becomes Br** and HNO. 

7. HI becomes I** and NO . 
HIO, becomes 1° and HNO, . 

7. Ignition. — In general nitrites are changed to oxides, but with potassium 
and sodium nitrites a white heat is required, and with nitrites of Ag , Hg . 
Au and Pt the dissociation goes a step further, the free metals being produced. 

8. Detection. — (/) Formation of brown ring when a nitrite is acidulated with 
acetic acid. Nitrates require a stronger acid for their transposition. (2) A 
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inixture of a nitrite and KI liberates ioflii^e on addition of acetic ticid (nitriites 
reqniringr ^ «trong-er acici for transposition |. i^i) Nitrous acid with iodic acid 
liberates tod me. tind nitric acid is producefL (4) Solution of potas^sium per* 
mang-anate acidified with sulphuric acid its reduced by nitrites (distinction from 
nitrates)* 

9. Estimation. — Acidifj- with acetic acid, distil and titra.te the diatillate with 
standard solution of permang-anate. 



§240, Nitrogen peroxide (dioxide), HO^ = 46.04 . 

Vapor denaltj, 23 (Ramsay, J, C, 1890, 57, 690), Meltioir point, —10' 
(Devflle and Troost, C. r., 1867, 64, 257). Boils at 21,64* (Thorpe, J, C, ISSO, 
37, 22+). Below —10'' It ie a white crystBlline solid. Between —10* and 21,fi4* 
a liquid; nearly eolcrless at — y**, yellow at 0*, At 21.64*, orange, growing 
nearly black as the temperature riKCs, Tlie gras does not support combustion 
of ordinary fuels, and is poisonous when inhaled. It dissolves in water, form* 
ing* a grreenish-blue solution containing nitrous and nitric acidK. With aa 
aqueous iolution of a f^xed alkali a nitrate and nitrite are formed: 2lSXQi + 
2K0H = KNO, + KNO, + H,0 . 



§241, Hitric acid, HKO3 = G3.048 . 
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1, Properties.— Nitric nnhydride* NgO^ , is a colorless solid, melting at 30" 
with partial decomposition to IfO^ and 0, and If exposed to direct sunlig-ht 
decomposition b^g^ins at lower temperatures. 

Nitric acid, HlfO, , has not been perfectly isolated: that containing- 90.8 pep 
cent of HKOg in a colorless hiR-hly corroaiye liquid {lloscoe, A.^ 1800, 118, 211), 
solidifies at 47° (Dert helot), boils at 80 *» but dissociation lit^g^ins at a lower 
temperature and is complete at 255°: 4HN0« = 41^0, 4- 2H5O -|- Oj (Carl us, 
B., 1871, 4, SSft), If the very dilute acid be boiled, St becomes stronger, and 
if a very strong- acid be boiled it becomes weaker, in both cases a #/j. j}r. of 
1,42 and boilings point of 120° ie rcaehed; the acid then contains about 70 per 
cent of HNO. (Kolbe, 1. Cft,, 1867 (4), 10, i:i6). This is the acid usuaily 
placed on the market. The reap^ent usually employed has a Ji/3. f/r* of 1.2 
{FreseniuR standard). The so-called fuming- acid has a specific gravity of 1.50 
to 1.52. The stronger acid should be kt>pt in a cool dark place to avoid decom* 
position. 

2, Occurrence* — Found in nature as nitrates of K , Na , IfH* , Ca , Mg , and 
of a fi'W other met a Is, the most abundant supply coming from Chili and 
Bolivia as si:»diuni nitrate, "Chili saltpeter.** 

3, Formation.— («) Oxidation of nitrogenous matter in presence of air, 
moisture and an oxide or alkali: (&) by oxidation of NO » N-Q, or NO, by 
oxygFn <or air) in presence of moisture;* (r) from NHj , by passing a mixture 
of NH« and oxygen through red-hot tubes. 

4. Preparation, — ^By treating nitrates with fliilphuric acid and dietilliug, 
Nitratea nmy be made: (a) By dissolving the metal in nitrie acid^ except 
those whose metals are not attacked by that acid, e. g.^ Au , Pt , Al and Or ; 
and also, antimony forms SKO^ , arsenic, K^AaO^ anrl with excess of hot 
acid tin forms metastannic acid Hh,SiIbO^., . (b) By adding HHO^^ to the 
oxides, hydroxides or carbonates. All the knoim nitrates can be made 
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in this manner, (c) By long continued boiling the chlorides of all ordi- 
nary metals are completely decomposed, no chlorine remaining, except 
the chlorides of Hg, Ag, An and Pt, which are not attacked, and the 
chlorides of tin and antimony, which are changed to oxides. (Wurtz, 
Am. S., 1858, 76, 371; Johnson, Proc. Am. Ass. Sci.y 1894, 163.) 

The anhydride is made: (a) By passing chlorine over silver nitrate: 
4AgN03 + 2CI2 = 4AgCl + 2N2O5 + O2 . (h) By adding anhydrous P^Oj 
to HNO3: 2NHO3 + P2O5 = 2HPO3 + H2O5 . 

5. Solnbilities. — All normal nitrates are soluble. A few are decom- 
posed by water, e, g,, Bi(N03)3 + HgO = BiON03 + 2HNO3 . Most 
nitrates are less soluble in nitric acid than in water, e, g., Cd , Pb , Ba , etc.; 
the barium nitrate being completely insoluble in HNO3 , sp. gr,, 1.42. 

Nitric acid decomposes the sulphides of all ordinary metals, except 
mercuric sulphide which by long continued boiling with the concentrated 
acid becomes 2HgS.Hg(N03)2 , insolul)lo in the acid. 

6. Eeactions. A, — With metals and their compounds. — Xitric acid is 
a powerful oxidizer but unless warmed acts more slowly than chlorine. 
It can never be a reducer. The following products are formed: H , 
NHg , H2NOH *, N , N^O , NO , HNOo , NO2 . If tlie acid is concentrated, 
in excess and hot, the product is usually entirely nitric oxide, colorless, 
but changing to the red colored NOg by coming in contact with the air. 
Excess of the reducer, low temperatures and dilute solutions favor the 
production of nitrogen compounds having lower valence and of hydrogen. 
Nascent hydrogen usually forms NH3 , always the ultimate product if the 
hydrogen be produced in alkaline mixture. 

Nitric acid oxidizes all ordinary metals. (It does not act upon chro- 
mium, gold or platinum.) It forms nitrates, except in the case of tin, 
antimony, and arsenic, with which it forms HioSn,,Oi., , SboO.. , and HjAsO^ . 
With the respective metals it forms Hg' or Hg", Sn" or Sn"", As'" or As^', 
Sb"' or Sb^, Fc" or Fe'", according to the amount of nitric acid employed. 
With copper it forms cupric nitrate (never cuprous); with cobalt it forms 
cobaltous nitrate. 

• Hydroxylamlne, If H,OH, is formed by the reducing action of Sn and HCl upon NO, N.Oa, 
Hlf 0„ etc. (Lossen, A., 1888, 252, 170); also by the action of HjS, SO,, K, Na, H g. Zn, and Al upon 
HNO3. or by the action of H,8 upon certain nitrates (Divers and Haifa, C. A., 18W. 54, 271 ». By 
action of sodium amalgam upon sodium nitrite solution, NH.OH is produced alongr with nitrous 
oxide, free nitrogen, ammonia, sodium hyponltrite, and sodium hydroxide, the highest yield of 
the hydroxylamine being obtained when the nitrite solution is ns diluto as one in fifty, tlie mix- 
ture kept cold (Divers, J. C, 1899, 75, 87 and 89>. It is abase with an alltaline reaction and a 
strong reducing agent. When pure It is a crystalline solid, odorless, meltinK" at SUV)", boilingat 
58^ at 22 mm. pressure : oxidized by oxygen to UNO, (Ix)bry de Hruyn, 71., 18U2, 25, 3, IW and 6H4 . 
It ia a good antiseptic and preser\'ative. It combines with acids to form salts : XH3OU + HCI= 
KH,OH . HCl. Hydroxylamine hydrochloride is decomposed by alkalis forming the free base, 
which is decomposed by the halogens, KBIn04, K,Cr,OT, BaOa and PbO,. Its solution in ether 
reacts with sodium forming a white precipitate of NH,ONa. 
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1, PbOa is not changed. Vh,fl^ is changed thus: Pb.,0^ + 4HirO^ = 
PbO^ + 2Pb{HO,)2 + 2H,0 . 

2. Hf' becomee Hfir". 

1^. Sn" becomes Sn^"^'. Stannous cbloride and hydrochloric acid, lioatrrl 
with a nitrate, form stannic chloride, and convert nitric acid to ammonia 
(which remains as ammonium salt). See §71, 6^, 

-t. Sb'" becomes Sb^, forming Sb.O., , insoluble. 

S. As'" becomes As"^, forming H^AsO^ . 

B. Cn' becomes Cn". 

7. Pe" becomes Fe"'. 

B. — With non-metals and their oompoTinda* 

J, Carbon (ordinar>% not graphite) becomes COjj if the nitric acid be 
hot and concentrated. 

H^C^O* becomes CO^, in hot concentrated acid. 

H4Pe{CN)<j becomes first H.,Fe(CN)o and then hydronitroferricyanic acid. 

HCKS is oxidized, the sulphur becoming H,,^^^ , 

'2. Xitrites are all deeomposedj nitratea being formed, the nitric acid 
not being reduced. The nitrous acid liberated immediatelv ditssociates : 

smfo, = mo + HNO, + h,o . 

5. P°, PH, , HH.PO^ and H5PO3 become H^PO^ . That is P^-* becomes 

4. S becomes H^SO* . 

H^S heeomes first S° and then H,SO, . 

H.SO, becomes HjSO^ ; and in general S"-° becomes S^. 

B, HCl , nitrohydrochloric acid; SHKO, + 6HC1 = 2N0 + 4H2O + aCl^ 
(Koninck and Nihoul, Z. anorg., 1890, 477). See §269, ^BB. 

HCIO,, is not reduced. Chlorates are all transposed but not decom- 
posed until the temperature and degree of concentration is reached that 
would dissociate the HCIO^ if the nitric acid were absent, 

6, Br*^ is not oxidized. HBr becomes Br^ and is not further oxidized. 
All bromates are transposed but the HBrO^i is not decomposed until a tem- 
perature and degree of concentration is reached that would cause the 
dissociation of the KBrOj if the nitric acid were absent. 

7* I^ becomes HIO,,. Ver}^ slowly unless the fuming nitric be used. 
HI become first I'' ; then as above, 

8. In general organic compounds are oxidized. Straw, hay, cotton, etc., 
are inflamed by the strong acid (Kranf, B., 1881, 14, 301). For action 
on starch, see Lunge, B,^ 1878^ 11, 12*^9, 1641. With many organic bodies 
substitution products are formed, the oxides of nitrogen taking the place 
of the hydrogen. 

7. IgnitloTi.— Nitric acid is digRoclateel by heat: 4HN0« = 4N0, -jr 2H,0 + Os, 

complete if at 1156*' (CarruB» /J., lH7l. 4, H^js). No nitrates are volatile as Buch; 
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amnaonium nitrate i» disBoeiated : NH^NO. = NhO + SH^O, f^ome nitrates, c. p., 
those of K and Ha., ure first fhang^ed to iiitritf^K with evolution of oxygen only» 
and at an intenEse white heat further chan^red to oxides with evolution of N.O 
aa well as oxygen, Aa a final residt of ig-nitlon tlie iiitnites of all ordinary 
metals are left as oxideK, except that those of Hg , Ag . Au Jind Ft art» redut?ed 
to the free metaL 

A niijiture of potassium nitrate and sodium earbonnte in a state of fusion 
is fi powerful oKidizerr e. (i„ t-hnn^tn^r Sn" to Sniv ^ A»"' to AsV , Sb'" to Sbv , 
Fa'' lif Fe"' , Cr'" to Crvi , Jfnvi-Ti Ui Mnvi , fivj-n to gvi ^ etc. 

Heated on charcoal, or with potassium cyani<le» or sug-ar, sulphur or uther 
eRsily oxidizable substance (a a in g-unpowdeF)^ nitrates are reduced with 
ilrfi ft if ntilfm or cj-plunUm, more or less violent. With potnssium cyanide, an 
platinum foil, the dt^flagration is cBpecially Fivid, la this reaction free nitrogen 
is evolved* 

Strons"ly heated with exeess of potassium hydroxide and su^far or other 
carbomieeous compound, in a dry mixture, nit rates iire reduced to un\m*min, 
which is evolved, and may be detected. In this carbonaeeous mixture* the 
nitrog-en of nitrates reacts wdth alkalis, like the unoxidized nitrogen in car- 
bonaceous compounds, 

8. BetectioB,— Most of the tests for the identification af nitric acid are 
made liy itt^ deoxidation, disengaging a lower oxide of nitrogen, or even, 
by complete deoxidation, forming ammonia. 

If, with concentrated stilpluirie acid, a bit of copper turning, or a crystal 
of ferrong sulphate, is^ added to a concentrated solution or reeidue of 
nitrate, the mixture gives off abundant brown vapors; the colorless nUric 
oxide, KO , which is set free from the mixture, oxidizing immediately in 
the air to nitrogen peroxide^ NO:, ■ 

SKNO, + 4H,S0, + 3Cu = K,SO, + ::CuSO. + 4H,0 -f 2N0 
2KK0, + 4H,S0* + ereSO, = K,SO, + ;iFa,(SO,), + 4H,0 -f 21fO 

The ihrts aiams of oxi/gen furtushed hj two mokcules of nitrate suffice to 
oxidize three atoms of copper; so that 3CuO with SH^SO^, may fonn 
3C11SO4 and 3H.0 . The game three atoms of ox^^gen (having six honds^) 
suffice to oxidize six molecules of ferrous salt into three molecules of 
ferric salt; so that (iFeSO^ with 3H,S0^ , can form 3re^(S0J., and ^H^^O . 

Now if, by the last-named reaction, the nitric oxide is disengaged in 
<;old solution, with excess of ferrous salt and of sulphuric acid, instead 
of passing off, the nitric oxide comhines with the ferrous salt, forming a 
hiack-hrown liquid, (FeSO^)..NO , deeompo^^ed hy heat aTul otherwise un- 
stable: 2KN0, -f- 4H,S0/+ lOFcSO, = K^SO, + 3Fe,(S0j3 + 4H,Q + 
2(FeS0j,NO. 

a.^^This exceedingly delicate '* Brown rin|^ *' test for nitric acid or 
nitrates in solution may be conducted as follows: If the solution of a 
nitrate is mixed with an equal volume of concentrated H.SO^ , the mixture 
allowed to cool and a concentrated solution of FeSO^ then cautiously adiled 
to it, so that the fluids do not mix, the junction ^hows at first a purple^ 
afterwards a hrotvn color (Fresenius, QuaL Anal^ lOih ed.^ 387). A second 
method of obtaimng the same brown ring is: Take sulphurie acid to a 
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quarter of an inch in flepth in the test-tube; add without shaking a nearly 
equal bulk of a solution of ferrous sulphate, cool; then add slowly of the 
solution to be tested for nitric acid, slightly tapping the test4ube on the 
side but not ehaking it. The brown ring forms between the two layers of 
the liquid, A IMrd method often preferred is: Take ftitroue sulphate 
solution to half an inch in depth in the test-tube; add two or throe drops 
of the liquid under examination and mix thoroughly; incline the test-tube 
and add an equal volume of concentrated H^SO^ in euch a way that it will 
pass to the bottom and form a separate layer. Cool and let it stand a 
few minutes without shaking. 

h. — Indigo aolation. — In presence of HCl heat moderately and blue 
color is destroyed. Interfering substances, HCIO,^ , HIO, , KBiO^ , Fe"\ 
Cr^^, Mn^'", and all that convert HCl into CI , 

c. — Sodium salicylate is added to the solution, H^SO^ is slowly added, 
test-tube being inclined. Avoid shaking, keep cool for five minutes. A 
yellow ring indicates HNO.| . To increase the brilliancy of the color, 
shake, cool and add to HN4OH , 

iL — AmmoEiTim test, — Treat the solution with KOH and Al wire, warm 
until gas is evolved. Pass the gas into water containing a few drops of 
Neisler^fl reagent, A yellowish-brown precipitate indicates HNO^ : 
SHFO, + 8A1 + 8K0H = SITHa + SKAIO3 + K.Q . Nothing interferes 
with this test, but action is delayed by CF , P and many other oxidisers. 

e. — Nitrite teat.^ — Reduce the nitrate to nitritv by warming witli Al and 
XOH. At short intervals decant a portion of the solution, add a drop of 
KI , acidify with HCaHgOj and test for I with CS^ , This test should 
always be made in connection with {d}. Other oxidlscrs including CF, 
Br\ P, and As^ are reduced before the reduction of the HNO^ begins: 
3HW0a -h 2A1 -f ^KOH: = 3KN0, + 2KA10, + 4H,0 

Other means of making the nascent hydrogen are sometimes preferred; 
€. g., sodium amalgam, a mixture of Zn and Fe both finely divided and 
used with excess of !iot XOH , or finely divided Mg in presence of HjjPO^ , 

f. — Add three drops of the solution to be tested to two drops of 
diphenylamine, (C^jH,)'.NH , dissolved in H.SO^ * A blue color indicates 
a nitrate, Cr/CF, Br^ I^ Mn^", €t'^'\ Se'\ and Fe'" interfere with this 
test. 

ff. — Bmcine^ dissolved in concentrated sulphuric acid, treated (on a porcelain 

gTjrftite) with even traces of ii It rates, gives a fine deep-red color, soon paling' to 
reddish-yellow. If now stiinnous chloride, dilute gotution, be added, a fine red- 
violet color appears. (Clilorie acid g-ives the same reaction,) 

h, — Plienol, CfH^OH ^ gives a deep red-bro%vn color with nitric acid, by for- 
mution of nitrophenol (mono, di or tri), GgH,(NOjOH to C«H,(NOj.OH, 
" picric acid " or nitrophcnic acid, A mi x1 tire of one part of pheiiol (cryst. 
carbolic acid), four parts of strong sulphuric acid, and two parts of water, 
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confititutea a reapretit for a verj delicate test for nitrates {or nitrites), a few 
drops being aufllcient. With unmixed nitrates the action is expIosiTre^ unlens 
upoQ very smitll quuntities* The addition of potabniuni hydroxide deepens and 
brig-htens the eolor. Aceording' to Bpreng-el (•/. €., 18BH» 16, 396), the some- 
what simitar color given l>.y eumpounds of ehlorine, bromine, io<line and by 
organic matter may be removeii by adding ammonium hydroxide without 
diminii^hing' the brightness of the eolor formed by the nitrates* 

i»— According- to Lin do (f\ .V.* 1&-S^. 5§. ITG}, reoorcinal is five times more 
delicate a test than phenol* Ten grammeii of resorcinol are dissolved in 100 cc-. 
of water; one drop of thi« ^oliition with one drop of a l.V per cent fiolution of 
HCl and two drops of concentrated Hh3Q« are added to 0.5 cc. of the nitrate 
to be tested* Nitrons acid gives the same pnrple color» 

/. — A little pyrogallol is diBfiolved in the liquid to be tested (less than one 
mg. to one cc.) and ten drops of concentrated H,SO( are dropped down the 
side of the test tube so as* to form two hiyers; at the surface of cootuct a 
brown or yellow coloration appears if nitric acid is present. One mg'- of 
nitric acid in one litre of pntiible water can thus be detected (Curtman. J. reft. 
Fhunn., 18Sfl, 223, 711), 

tip El&timatloiL. — (a) If the base is one capable of readily forming a silicate, 
the nitrate is fnsed with SlOj and estimated by the difference in weight, (ft} By 
treating with hot sulphuric acid, pasging the distillate into BaCOj, and esti- 
mating^ the nitrie acid by the amount of barium dissolved, (r) Treating with 
Al and KOH and estimating the distillate as KH, . (<f) XeutruJistinjfy the free 
acid with ammonium hydroxide, and after evaporation and drying at 115^^ 
weighing as ammonium nitrate, (r) In presence of free H^SO^ a ferrous solii* 
tioti of known strength is added in excess to the nitrate and the amount of 
ferrous salt remaining m determined by a standard solution of potassium 
permanganate, if) The volume of hydrogen generated by the action of potas- 
sium hydroxide upon a known quantity of aluminum is measured: and tbe 
test is then repeated under the same conditions, but in presence of the nitrate* 
The difference in the volume of the hydrogen obtained represents the quantity 
of KlTi that hae been formed. 



§242. Oxygen* = 16,000 . ITeual valence two. 



1. Properties.— A colorless, odorless gas; speeiftc ffmrUUn l.!05e2 (Crafts, C\ n^ 
1S8S, 106, iarJ2), When heated it diffuses through silver tubing qnite rapidly 
(Troost, C. r., 18^4, 98, 1437), It liquifies by cooling the gas under great pres- 
sure and then suddenly allowing it to eiipand under reduced pressure. It Iroflir 
at — n:i° under 50 atmospheres pressure; and at ^184* under one atmosphere 
pressure (Wroblewski, C, r.» 1884, 08, :W4 and m2). Its crffic4il temptrahij-c is 
about —118°, and tlie erUirfiJ ffreMmtre 50 atmospheres. Spci'ifir (gravity of the 
liquid at —181.4^, 1,124 (Olszewski, Jf., 1S87, 6, 73). Oxygen is Bparingly soluble 
in water with a wlije^ht increase in the volume (Winkler, U,, 18b9, 22, 1764), 
Slightly soluble in alcohol (Carius. 1., 1R55, 94, 134). Molten silver absorbs 
about ten volumea of oxygen, giving it up upon cooling (blossoming of silver 
beads) (Levol, C. r., 1853* 35, fiM). It trnnsmits sound better than air (Bender, 
S., 1873, 6, 665), It is not combustible, but supports conibustion much better 
than air. In an atmosphere of oxygen, a glowing splinter bursts into a flame: 
phosphorus burns with vivid ineiindeseence; also an iron watch spring heated 
with burning sulphur. It is the most neg«tive of all the elements except 
fluorine: it combines directly or indirectly %vith all the elements^ except fluorine: 
with the alkali metals rapidly nt ordinary temperature. The' combination of 
oxygen with elements or compounds is termed eombustion or oxidation. The 
temperature at which the combination takes place varies greatly: Phosphorus 
at 00°; hydrogen in air at 552*: in pure ox.vgen at 530** (Mallard and T-e rhate- 
Her, BL,^ mm, (3), 39, 2); carbon disidphide at 149*^; CBrbon at a red heat; 
while the halogens do not (combine by heat alone. 

2. Occurrence. — The rocks, clay and sand coustituting the main part of the 
earth*s erust contain from 44 to 48 per cent of oxygen; and as water contains 



4 




§242, 4f. 



OJTQBN. 



283 



88.81 per cent, it lias been estimated that one-half of the crust Is oxygen. 
Bjccept in atmospheric air, which contains about Zi }yvT cent of un com Lined 
oxygen, it is always found combined. 

3. rormation.— (") By igniting HgO . (6) By heating KGIO. to 3oU*, KG10« 
is produced and oxygen ii. evolved i at a higher temperature the KOIO^ becumea 
KCi . In the prcstniee uf MnO^ the KCIO, is e<mjpletely changed to KCl at 
200*, without forming KCIO. , tbe MnO^ not being chang-ed. Spongy platinum, 
CuO , FeaOa , PbOs , etc, may be substituted for BEnO, (Mills and Donald, J, C, 
1682, 41, ly; BautJrimont, Am. S., 1BT2, 103, 370). Spongy platinum » rnthenium, 
rhodium and indium with chlorine water or with hycln>gen peroxide evolve 
oxygen. The spongy ruthenium acts most energetically (Schoenbein, J.. CA.» 
ISGG, (4), 7, 103). (r) Acfion of heat on simUar salts furnisher oxygen; e. g.^ 
KCIO and KCIO, form KCl, KBrO, forms KBr . KIO, and KIO, 'form KI , 
and KNO, forms KNO, (at a white heat K^O , NO and O are formed), ((f) By 
the action of heat on metallic oxides a& *sho%vn in the equations below, (r) By 
heating higher oxides or their salts with sulphuric acid. ChrVi is changed to 
Cr^" . Co"' to Co" , Hi'* to Nl" , Biv to Bi'" , Fevi to Fe'" , Pbtv to Pb*^, uad 
Mii"+n to Mn"; in each case a sulphate is formed and oxygen given off; 

a. 2H^0 (at 500^) = 2Hg + O, 

b. lOKClO, (at 3.10*) = GKCIO, + 4KC1 + 30^ (Teed, J, C, 1887, 61, 283) 
2KC10, (at red heat) = 2KC1 + :'0, 

2KC10, + nMnO, (at 200*) = nMnO, + 2KCI + 30, 
C. KCIO, — KCl + 0, 

2KBrO, = 2KBr + 30. 

2KI0. — 2KI + 30= 

KIO* = Kl + 20, 

2KK0, = 2KN0, + O, 

4KN0, (white heat) = 2K4O + 4N0 + O, 
d» aPbjOi (white heat) = BPbO + Oa 

2Slj,0, (red heat) = 2Sb:0^ + O, 

Bi-fO^ (red heat) = Bi.O, -h O^ 

4CrO, (about 200'=') = 2Cr,0, + 30^ 

4K^Cr,07 (red heat) = SCr.Oa + 4K3CrO^ + 30, 

GFcjO, (white heat) = 4Pe,0, + O. 

^HnO, (white heat) = l£n,0, + O^ 

6CD3O, (dull-red heat) = 4Co»0, -^ Oj 

2N1,0. (dull-red heat) = 4N10 + O, 

2Ag,0 (300*') = 4Ag + O, 

2BaO^ (800'') = 2BaO -h O, 
f. 0K,Cr,O, + BH,SO, = 4KCr(S0.)j + 30, -j- aH,0 

4KM11O, H- fiH.SO* = 2K,S0, + 4M11SO, + :«0, + GHjO 

2Pb,0, + im^BO, =: GPbSO, + GH^O + O, 

4. Preparation* — (ft) By heating KGIO^ to 200^ in closed retorts in the pres- 
ence of MnO, or FejO/. If KCIO, be hented alone, higher heat (350"*) is 
required, and the gas is given off with explosive violence. About equal parts 
of the metallic oxid<* and KCIO, should be taken, {h) BaO heated in the air 
to 550" becomes BaO, , and at 800° is decomposed into EaO and O , making 
theoretically a cheap process, (r) By heating calcium plumbate. The calcium 
plumbate is regenerated by heating in the air (Kassner, ,/. (\, lb04, 06, Ji, m). 
(d) By passing sulphuric acid over red-hot bricks: 2H;,S0« ^ 280^, + aH^O + 0.; 
the SO, is separated by w*ater, and after conversion into HijSO^ (§266, 4) is 
Uficd over again, (e) By warming a saturated solution of chloride of lime wnth 
a small amount of cobnltjc oxide, freshly prepared and moist* The cobaltic 
oxide seems to play the same role as NO in making H^SO« (Fleitmann, .4, Cft„ 
ISfifi, (4), 6, ,'>07). (f) The following cheap procesH is nnw employed on a larrje 
Mcult. Steam ia passed over sodium, manga^nate at a dull-red heat; Mn^O^ and 
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OESgen are formed. Then, without chang^e of apparatus or tempera turt\ air 
itijstaad of steam ia passi*fl owr the mixture of Mb^O. and NaOH . The Mn^O. 
ia ihus again oxidized to Na^MnO^ , and tree nitrugeu is libt-ratt^d: 

4Na,MD0, + 4HaO (dulUred heat) = 8N&0H + 2Mn,0, -|- zO^ 
^NaOH + 2Mn,0j + air, 3(0i + 4N,) = INa^MnO, + 4H,0 + 12N, 

5. Solubilltlea.— See 1, 

5. Heactioas.— Ture oxyg\^n may be breathed for a short time without injury, 
A rabbit placed in pure oxyijen at 24° lived for three weelta^ eating' voraeiousiy 
all the time, but nevertheless beeoming thin. The action of oxyg-en at 7.2=' is 
to produce narcotism and event null j denlh. When omygeu i& cooled by a 
freezing: mixture H induces wu intense a narcotism that operations may be 
performed under its influence. Compressed oxygen \tb *' the most fearful poi^ou 
known.** The pure guti vi u prcsi^ure of ii.5 atuiosphcres, or air at a pressure 
of 22 atmospheres, produces violent convnlisions, siiimlating' those of strychnia 
poisoning, ultimately cauwing death. The arterial bluod in the^e eases is foutul 
to contain about twice the quantity of its normal oxygen. Further, compressed 
oxygen stops fermentation, and permanently deMroys the power of yeast. 

At varyinj^i- temperatures ox^'gen eom bines directly with all metala except 
silver, gold and platinum, and with these it may be made to combine by p^**" 
cipitation* It combinea with all non-metals except fluorine: the combioaTion 
oeciirriiij^r directly, at hig-h temperatures, except with CI , Br and I , which 
require the intervention of a third body, 

7; Ignition. — Most elements when ignited with oxyt'-en combine readily, 
Soaie lower oxides combine with oxyp^en to form higher oxides, and certain 
other oxidea evolve oxygen, forming elements or lower oxides. Oxides of gold, 
platinum and silver cannot lie formed by igniting the metals in oxygen; they 
must lie formed by precipitation. 

8. Detection,— Uneombincd oxygen is detected by its absorption by an alka- 
line Holution of pyrognllol; hy'the combination with indigo white to form 
indigo bine; by its combination with colorless NO to form the brown NO,- by 
its combumtion with phosphorus, etc. It Is separated from other gases by 
its absorption by a solution of chromnus chloride, pyropallol or by phosphoniB. 
In combination in certain eompounds it is liberated in whole or in part by 
simple ifi^nition; as with KCIO^ , KMnO, , HgO , Au,0, , FtOj , Ag.O , Sb.Oa , 
etc. In other eombinations by ig'nition with hydrogen, forming water. 

9. Fstlmation, — Free oxygen is usaally estimated by brinijing the i^^ases In 
contact with phosphorus or with an alkaline solution of pyrogallol (CO^ having 
been previously removed), and noting the dimiinition in volume. Oxygen in 
combination is usually estimated by difference. 



§243. Ozone, 0, = 48.000. 
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Ozone was first noticM by Van Marum in 1785 as a peculiar smelling gas 
formed during the electric discharge; and which destroyed the lustre of 
mercurj% Schoenbein (7'of/i;., 1840, 50^ 616) named the gas o^one and noticed 
Iti powerful oxidizing properties. It Is said to be an ever-present constituent 
of the air, giving to the sky its bine color; present much more in the country 
and near the seashore than in the air of cities (Hartley, J. €., 1881, 39, 57 and 
111; Hous'.eau, C. r.^ J872» 74, 712). Ozone is always mixed with ordinary oxygen, 
partly due to disaoctaf ion of the ozone molecule, which is stable only at low 
temyjeratures (Hautefeuille and Chappuia, C r,, 1380, 01, 523 and 81fi), It is 
prepared by the action of the electric discharge upon oxygen (Bichat atid 
Gtintz, C. r„ 1888, 107, 344: ^Tills, /?., 1873, 6. 769). By the oxidation of moist 
phosphorus at ordinary temperature (Leeds, A., 1879, 198* 30: Marfgnac, C. r., 
1B45, 00, SOS), By electrolysis of dilute sulphuric acid, UBiug lead electrodes 
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(Flnnti, r. r, 1^6, 63, 191). By the action of concent ratetl mi I ph uric acid on 
potaasinra permang-anate (BchoenWin* */. pi\^ 1862, 86, 70 and 377), ^hnvy 
readily oxidized uri^-ank* substiitjceiJ form aonie ozone in the process of oxidu* 
tion {Belhici, B., iNjy, 12, \m%). Qzooe is a gas, the bJue color of which can 
be plainly noticed it* tubes one metre loiij^. Its odor reminds one somewhat 
of chlorine and nitrogen peroxide, noticeable in one jmrt in 500,DOO, U aeta 
upon the respiratory org-ans, making- breathing" difficult. Wlien somewhat 
concentrated it attacks the tnucons membrane. It canKed death to small 
animals which have been made to breathe it. For further concerning' the 
physiolog^icnl action, see Bin^;, C, r., 187a* 72. Its it}tecipc imnUif is 1JJ58 (Soret, 
A.^ l^nn, 138, 4), It has been liqiiifted to a deep-blue liquid, bttUimf (H ^iOO* 
(Olszewski, J/.» lfi87, 8, 230), The gas la sparingly soluble in water (Carins, /*., 
lB7:i, 6, WUti), It deconnpoacH somewhat Into inactive oxygen at ordinary tem- 
perature, and completely when heated above 300^, with increase of volume. 
A number of substances decompose ozone without themselves being changed^ 
c, £/., platinum black, platinum sponge, oxides of gold, silver, iron and copper, 
peroxides of lead and manganef^e, potassium hydroxide, etc. It is one of the 
most active oxidizing agents known, the presence of water being necessary. 
When ozone acts as an ox i dieting agent there is no change in volume: but one- 
third of the oxygen entering into the reaction, inactive oxygen remaining. 

Moist os£one oxidizes all metals except gold and platinnm to the highest pos- 
sible oxides. 

Pb" becomes PbOj 

Sn"" becomes S11O3 

Hg' becomes Hg* 

Bi' ' becomes Bi^Oj 

Pd" becomes PdO^ 

Cr'" becomes Crvt 

Te" becomes ^©.0. ; in presence of KOH , K^FeO. 

Mil'' becomes MnO^; in presence of H^SO^ or HNO, , HMnO« is formed. 

Co" becomes Co"' 

Wi* becomes Ni'" . With the salts of nickel and t^obalt the action is slow, 
rapid with the moist hvdroxIdcH. 

K«Fe(CN)« becomes K.Fe(CN), 

NyOi become^s HNO3 , in absence of w^ater HO, ia formed 

80. becomes H.SO^ 

Hj8 becomes S and H^O , the sulphur is then oxidized to H^SO^ (PoHacci, 
r. f\, 1S84, 484) 

P and PHj become H^PO, 

HCl becomes Cl and H^^O 

HBr beconieE^ Br and H,0 

I Iw^come*^ HJOi and BJO, (Opfier, C. n. 1878^ 80, 722) 

HI and KI become I and H.O , then Xv 

Most organic sub?itances are decomposed; Indigo is bleached much more 
rapidly than by chlorine (Houzeau, f , r, 1872, 75. r440), 

.Alcohol and ether are rapidly oxidized to aldehyde and acetic acid. 

Ozone is usually' detected by the liberation of iodine from potassinm iodide, 
potassium iodide starch paper being used. Because HNO3 and many other 
HU list an CCS give the same reaction, thalliiim hydroxide paper is preferred b^^ 
Schoene (B., lJ^?^n, 13, IfjOS). The paper is colored brown, but the reaction is 
much less delicate than with potasKium iodide starch paper. It is estimated 
quantitatively liy pasasing the gas through a solution of KI rendered and with 
H,SO, , and titration of the liberated iodine: O, -h 2HI = O, + I^ + H3O , 



§Si44> Hydrogen peroxide. 
H — — 0- 



H,0, = 34.01*>, 



1. Proptrtiea.— Pure hydrogen peroxide (09.1 per cent) is a colorleaB syrupy 
liquid, boiling at 84^ to SS"* at ti8 mm. pressure. It does not readily moisten 
the containing vesseL It is volatile in the air, irritating to the 'skin, and 
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reacts strongrly acid to litmus. The ordinary three per cent solution can be 
evaporated on the water bath until it contains about 60 per cent S,0, , losing* 
about one-half by volatilization. The presence of impurities causes its decom- 
position with explosive violence. Before final concentration under reduced 
pressure it should be extracted with ether ( Wolff enstein, B., 1894, 27, 3307). 
The dilute solutions are valuable in surg-ery in oxidizing* putrid flesh of wounds, 
etc.; they are quite stable and may be preserved a long time especially if acid 
(Hanriott, (\ r., 1885, 100, 57). The presence of alkalis decreases the stability. 
Concentrated solutions evolve oxygen at 20°, and frequently explode when 
heated to nearly 100**. It contains the most oxygen of any known compound: 
one-half of the oxygen being available, the other half combining- with the 
hydrogen to form water. 

2. Occurrence. — In rain water and in snow (Houzeau, C r., 1870, 70, 519). 
It is also said to occur in the juices of certain plnnts. 

3. FormRtion. — («) By the electrolysis of 70 per cent H3SO4 (Richarz, TT. A,^ 
1887, 81, 912). (h) By the action of ozone upon ether and water (Berthelot, 
C, r., 1878, 86. 71). (r) By the action of ozone upon dilute ammonium hydroxide 
(Carius, B,, 1874, 7, UHl). ((/) By the decomposition of various peroxides w^ith 
acids, (e) By the action of oxygen and water on palladium sponge saturated 
with hydrogen (Traube, i?., 1883, 16. 1201). (f) By the action of moist air on 
phosphorus partly immersed in water (Kingzett, J. T., 1880, 38. 3). 

4. Preparation.— BaO, is decomposed by dilute H^SO^ , the BaSO^ being 
removed by filtration. The BaO, is obtained by heating BaO in air or oxyg-en 
to low redness. At a higher heat the BaO, is decomposed into BaO and O 
(Thomsen. i?., 1874, 7. 7.0. Sodium peroxide. Na,0, . is formed by heating- 
sodium in air or oxygen (Harcourt, J. T.. 1862, 14. 267): by adding H3O, to 
NaOH solution and precipitating with alcohol. Prepared by the latter method 
it contains water. 

5. Solubilities It is soluble in water in all proportions: also in alcohol, 

which solvent it slowly attacks. BaO, is insoluble in water, decomposed by 
acids, including CO, and H,SiF, with formation of HjO, . Na^O, is soluble in 
water with generation of much heat. It is a powerful oxidizing agent. 

6. Reactions. i4.— With metals and their compounds.— Tlydrop^on 

peroxide usually acta as a powerful oxidizing agent to the extent of one- 
half its oxygen. Under certain conditions, however, it acts as a strong- 
reducing agent. Some substances deconi])ose it into HoO and without 
changing the substance employed, e, g,, gold, silver, platinum, manganese 
dioxide, charcoal, etc. (Kwasnik, B., 1892, 25, 67). Manjf metals are 
oxidized to the highest oxides, e. g., Al , Fe , Mg , Tl , As , etc. Gold and 
platinum are not attacked. 

Jf. Pb" becomes PbOj (Schoenbein, J, pr,, 1862, 86, 129; Jannasch and 
Lesinsky, £., 1893, 26, 2334). 

2. AgjO becomes Ag and . 

S, HgO becomes Hg and . 

4. AU0O3 becomes Au and . 

5. As'" becomes As^. 

6. Sn" becomes Sn'^. 

7. Bi'" becomes Bi^. 

8. Cu" in alkaline solution (Fehling's solution) becomes CUoO (Hanriott, 
Bl, 1886, (2), 46, 468). 

P. Fc" becomes Fe'" (Traube, S., 1884, 17, 1062). 
10. Tl' becomes Tl^Og (Schoene, A,, 1879, 196, 98). 
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IL Cr"' becomes Cr^ in alkaline mixture (Lenssen, J. pr., 1860, 81, 
278). 

12. Qt^ with H2SO4 pvea a blue color, HCrO^ . ptrchramie add, eoon 
changiiig to green bv reduction to Cr"'. By p^sFiing tlie air or vapor 
through a chromic acid solution^ ozone is separated from hydrogon perox- 
ide, the latter being decomposed (Engler and Wild, B., 1896, 29, 1040). 

13. Mn" in alkaline mixture become?i MbO^ , In presence of KCK a 
separation from Zn (Jannaseh and Niedcrhofheim, B., 1891, 24, 3945; 
Jamjaseh, Z, anorg., 1896, 12, 124 and 134), 

Ifn^+o ^it^i HySO^ formB MnSO^ , oxygen being evolved both from the 
HnOa ^"^^ from the M31 compound (Brodie, J\ C.j 1855, 7, 304; Lunge, 
Z. angew., 1890, 6), 

1-4, BaO , SrO ^ and CaO become the peroxides, 

15, NaOH l)ecomes ira,>0.,8H^0 . 

16. NH.OH beconti s NH.NO, (Weith and Webber, B., 1874, 7, IT and 
45). 

B. — With non-metals and their compounds. 

1. K,Fe(CH')„ becomes K^FefClT)^ (Weltzien, A., 1866, 138, 1^9); in 
alkaline t^ofution the reverse action takeg place: 2'K^t(Ql^)^ + 2E0H + 
E3O2 = 2E^Fe(CN)e + 2H.jO + 0^ (Baumann, Z. angtw., 1892, 113). 

2. O3 becomes 0^ (Schoene, I. e.^ page 239). 

5. HjPO, becomes H,PO^ , 

4. H-.S and sulphides, and SO^ and sulphites, become H^SO^ or sulphates 
(Classen and Bauer, B,, 1883, 16, 1061). 

6. CI becomes HCl (Sehoene, /. r., page 254). It is a valuable reagent 
for the estimation of chloride of lime: CaOCla + 'E.fi^ — CaCl^ + H^O 4- 
O3 (Lunge, Z. angew., 1890, G). 

6, I becomes HI (Baumanu, Z. angew., 1S91, 203 and 328). KCl , KBr , 
and EI liberate oxygen from HjOa but no halogen is set free; except that 
with commercial HjOa free iodine may always Ije obtained from KI 
(Schoene, A., 1879, 185, 228; Klngzett, J. C, 1880, 37. 805). 

7. Ingition. — The i)eroxitle of barhim is formed by ijfni^iiifr BaO to iliill roil- 
Bess: fitroDg- tf^nhion causes decompobition af the BaO, into BaO and * The 
peroxide of ealcium cannot be formed by ignitioii of lime in air or oxygen* 

5, Detection. — In a dilute soiution of tincture of irualae mixfd with malt 
infusion, a blue color is obtained >vhen H^O^ is added. To the solution sup- 
posed to contain HjOj add a few drops of lead aeetiite; then KI , starch, and a 
little acetic aeidj with SjO, a blue color i« prodiieril (Suhoenbt^in, /. c: Rtruve, 
Z,, mm, 8, 374), As eonfinnatory, its? action on KMnO, and 011 K.CrjOT s^bould 
he ob&ened. A ten per cent KoUition of ammonium molybdate with eciunl 
parts of concentrated sulphuric acid giTes a characteristic' deep veJIow color 
%vith H,0, (Denigefi, C\ r, ISDO, 110, 1007; Crismer, BL, im\, (3). a 23). H,0, 
given some extremely delicate color tests with the aniline bases (CofiTay* B., 
lft9S, 08, 2029: DenigeB, J. Fharm., 1893, (5), 05. 591). 

f>, l^Btlmmtlom — (a) By roeasnring' the amount of oxj-pen Hberated with MnOt 
(Hanriott, BL, 1885i (2), 48, i^S). (b) By the amount of standard KMiiO« 
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reduced, or by measuring the volume of oxygen set free: 2KMnO« -+- SH^SO^ -I- 
5H,0, = K,S04 -h 2MnS04 + 8H,0 -f 50, . (r) By decomposition of KI in 
presence of an excess of dilute H,SO«; and titration of the liberated iodine with 
standard Na^SjO, . ((f) Dissolve a weighed sample of BaO, in dilute SCI , odd 
X«Fe(CN)«; tronsfer to an ozotometer and add KOH . The volume of oxygen 
is a measure of the amount of HsO, (Baumann, /. c). 



§246. Fluorine. F= 19.05. Valence one. 

Since Davy's experiments in 1813, many others have attempted the isolation 
of fluorine. In his zeal the unfortunate Louyet fell a victim to the poisonous 
fumes which he inhaled. Faraday, Gore, Fremy, and others took up the prob- 
lem in succession, but it was not ultimately solved until H. Moissan, in 1886, 
produced a gas which the chemical section of the French Academy of Sciences 
decided to be fluorine. Many ingenious experiments had been made in order 
to obtain fluorine in a separate state, but it was found that it invariably 
combined with some portion of the material of the vessel in which the opera- 
tion was conducted. The most successful of the early attempts to isolate 
fluorine appears to have been made, at the suggestion of Davy, in a vessel of 
fluor-spar itself, which could not, of course, be supposed to be in any way 
affected by it. Moissan's method was as follows: The hydrofluoric acid having 
been very carefully obtained pure, a little potassium hydrofluoride was dis- 
solved in it to improve its conducting power, and it was subjected to the action 
of the electric current in a U tube of platinum, down the limbs of which the 
electrodes were inserted; the negative electrode was a rod of platinum, and 
the positive was made of an alloy of platinum with 10 per cent of iridium. The 
U tube was provided with stoppers of fluor-spar, and platinum delivery tubes 
for the gases, and was cooled to — 23°. The gaseous fluorine, which was extri- 
cated at the positive electrode, was colorless, and possessed the properties of 
chlorine, but much more strongly marked. It decomposed water immediately, 
seizing upon its hydrogen, and liberating oxygen in the ozonized condition; it 
exploded with hydrogen, even in the dark, and combined, with combustion, 
with most metals and non-metals, even with boron and silicon in their crystal- 
lized modiflcations. As , Sb , S , I , alcohol, ether, benzol and petroleum took 
flre in the gas. Carbon was not attacked bv it (Moissan, ISSG, C. r., 103, 202 
and 256; J. C, 50, 1886, 849 and 976; .4. Ch., 1891, (6), 24, 224). 

Fluorine, in several characteristics, appears as the first member of the 
Chlorine Series of Elements. It cannot be preserved in the elemental state, 
as it combines with the materials of vessels (except fluor-spar), and instantly 
decomposes water, forming hydrofluoric acid^ HF , an acid prepared by acting 
on calcium fluoride with sulphuric acid (a). Fluorine also combines with 
silicon as SIF* , silicon fluoride, a gaseous compound, prepared by acting on 
calcium fluoride and silicic anhydride with sulphuric acid (h). On passing 
silicon fluoride into water, a part of it is transposed by the water, forming 
silicic and hydrofluoric acids (r): but this hydrofluoric acid does not at all 
remain free, but combines with the other part of the fluoride of silicon, as 
fluosilicic acid (hydrofluosilicic acid), (HF)aSiF4 or HaSiF, ((/) (OfFermann, 
Z. anffcw., 1890, 617). This acid is unod as a reagent: forming metallic fluo- 
silicates (silicofluorides), soluble and insoluble (§246). 

a, CaF, -h H^SO, = CaSO, + 2HF 

6. 2CaF, -h SiO, -f- 2H,S0, = 2CaS04 -h 2H,0 -f- SiF, 

c, SIF* -f- 2H5O = SiOj + 4HF (not remaining free) 

d. 2HF -f- SiF, = H,SiF, 

c and d. 3SiF, -f 2H,0 = 810, + 2H,SiF. 



§SJ40. Hydrofluoric acid. HF = 1^0.058 . 
WT-\K — F, 

A colorless, intensely corrosive gus, soluble in water to a liquifl that reddens 
Htm US, rnpidlj corrndes gla^ss, porcelain* and the metals, except plat in nm and 
gold (lead but slightly). Both the solution and its vaf>or act on the flesh as 
an insidious and virulent cauBtic, ifiving^ little warDing-^ and causing obstinate 
ulcers. The anhydrous acid at ^5^ has a vapor density of 20, inflicatinp that 
the molecule at this temperature is H^jFa . But at 100°"it is only 10» indicating: 
that at that teraperiiture the molecule is HP . The anhydrous liquid acid 
boils at 10,44' and does not solidify at —34.S''* 

The fluorides of the alkali metals are freely soluble in water, the solutions 
alkaline to iitmuc and filigrhtly eorrosive to glass: the fluorides of the alkaline j 

earth metals are insoluble in water; of copper, lead, mnc and ferricnni» ^pur- j 

ingly soluble: of silver and mercury readily soluble. Fluorides are Identified 
by the action of the acid npon glass. i 

Calcium chlorldd solution forms, in eolution of fluorides or of bydroflnoric \ 

add, a gelatinous and transparent precipitate of cfUcium ftuoridr. CaFj , slio-htly 
soluble in cold hydrochloric or nitric acid and in ammonium chloride isoUition. 
Barium chloride precipitates, from free hydrofluoric acid less perfectly than 
from fluorides^ the voluminous, white, baritttti ffuoride, BaF, , Silver nitrate 
gives no precipitate. 

Sulphuric acid transposes fluorides, forminR- hi/dntfluorit^ ark!. HP (§245, n). 
The ^tis ts disting^iished from other substances by etehintf hard fjlnm — jirevlously 
prepared by coating imperviously with (melted) wax. and writinfr through the 
coat. The operation may be conducted in a small leaden tray, or cup formed 
of sheet lead: the pulverized fluoride being mixed with sulphuric acid to the 
consistence of paste. 

If the fluoride be mixed with flllieic aeid, we have, instead of hydrofluoric 
acid, Miimn ffaortde, SiF^ (§245, 6): a gas which does not attack glass, hut when j 

l^assed into water produces fluosilicic acid, H^l^^a (§246, c and d). See below. 

Also, heated with acid sulphate of potassium, In the dry way, fluorides dis- | 

engage hydrofluoric acid. Jf this operation be performed in n Fmall test-tube, i 

thgaurface of the glass above the material is corroded and roughened: CaF^ H- i 

2XHSO4 ^ CaSO, + K,SO, 4- SHF . By heating a mixture of borax, acid | 

sulphate of potassium, and a fluoride, fused to a bead on the loop of platinum ^ 

wire, in the clear flame of the Bunsen gaa-lamp, an evanescent u^U^wish-i^reen 
ootor ia Imparted to the flame. 

§247, Fluosilicic acid, H,SiI',= 144.716. 

Fluosilicic acid* (hi/drf^ffitmiUrw ttrid), (HF),SiF, , or H,SiF« , is soluble in 
water and forms metallic fluosilicates islHfitffumith'if), mostly soluble in water; 
those of barium (filSB^ HI J, sodium and potassium, being only slightly soluble 
in water, and made quite insoluble by addition of alcohol. 

Potassium flnosilicate is precipitated translucent and gektinous, .\mmonium 
hydroxide precipitates silicic acid with formation of ammoninni fluoride. With 
concentrated sulphuric acid, they disengage hydroHuoric acid, HF . By heat, 
thej^ are resolved into fluorides and Kilicon fluoride: BaSlF, =^ BaF^ -|- SiF* . 

*Ftutieilicic acid JsdJreci^d to b« prcfnred hy takliiir one part each of flaesatifl and finely prti^- 
der^d fluor-spar, with six to eight partg of conc€?iitmtt>a sulphuric tcld. In a sm.'dl Btonowure 
bottle or a ff iMfi flask, ppovldiMl with a wiae acJlvcr>'-tubo, dlpptnff Into a little mcrcunv la a 
imall pofoelala cai^sule^ wblch fa set Id a large boaker containing six or eight pnrtef of iv»Cer, 
Tha stoneware hfittle or flunk Is set Ja'a Etmiill sand-bath, u-ltb the sand piled about it, ai high a^ 
the material, and gontlj bentcd from a larnp^ Esch bubblf> of gas detiompamm with dopoeition 
of gelatinous slllcfo scid. When the wat«r la flllcd with ttalii deposit, it mar be separsted by 
Itralning through clotti and ngaln treating with tho gaAf or gretttorconoentmtlon^ Tbe strain^ 
liquid Is fio&IIy fllt^rt^d and preserved for use. 
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§248. SUicon. Si = 28.4 . Valence four. 

There are three modifications of silicon: (a) Amorphous. — A dark brown 
powder; specific gravUy, 2.0; non-volatile; infusible: bums in the air, forming 
SiO, , and in chlorine, forming" SiCl* . It is not attacked by acids except HP: 
Si -f 6HF = H,SiF« -h 2H, . It is dissolved by KOH with evolution of 
hydrogen. (6) Oraphitoidai, — May be fused, but is not oxidized upon ignition 
in air or in oxygen. It is not attacked by HF , but is dissolved by a mixture 
of HF and HNO, , forming H.SlFc . It is attacked slowly by fused KOH . 
(c) Adamantine silicon^ crj'stalline silicon. — Grayish-black, lustrous, octahedral 
crvstals, formed by fusing the graphitoidal form. Flpeclflc gravity^ 2.49 at 10*' 
(\Voehler. A., 1856, 07, 261). It scratches glass but not topaz. It melts between 
the melting points of pig iron and steel, 1100** to 1300**. In chemical properties 
it is very similar to the graphitoidal form, being attacked with even greater 
difficulty. Silicon is never found free in nature, but always in combination as 
silica, SiO^ , or as silicates. 

Amorphous silicon is formed by passing vapor of SiClt over heated potassium; 
by heating magnesium in SiF4 vapor; by heating a mixture of Mg^ and SiO,; by 
electrolysis of a fused silicate. It is readily prepared by heating" a mixture of 
magnesium, one part, with sand, four parts, in a wide test-tube of hard g-lass 
(Gattermann, B., 1889, 22, 186). The graphitoidal form is crystalline and by 
many is said to be the same as the adamantine form. Method of preparation 
essentially the same (Warren, C .V., 1891, 63, 46). The crystalline form is made 
by fusing a silicate or KaSlFs with Al; by passing vapors of SiClt over heated 
Na or Al in a carbon crucible (Deville, .4. Ch., 1857, (3), 40, 62; Deville and 
Caron, A. CA., 1863, (3), 67, 435; Woehler, /. c). 



§249. Silicon dioxide. Si02 = 60.4. 

(Silicic anhydride; silica.) 

Silicic acid. HjSiOj = 78.416 . 



II 
Si^O-^j, and H'^Si^Q-^ , = Si = and H — — Si — — H. 

1. Properties.— Silica, silicic anhydride^ SiOj , is a white, stable, infusible solid; 
insoluble in water or acids; soluble in lixed alkalis with formation of silicates. 
Specific gravity of quartz, 2.647 to 2.652; of amorphous silica, 2.20 at 15.6**. 

Silicic acid, silicf/n hydroxide, HjSiO, , is a white, gelatinous solid, generally 
insoluble in water, and soluble in mineral acids. A dilute solution in water is 
obtained by dialysis of the fixed alkali silicate with an excess of HCl until 
the chlorides are all removed. It may be boiled for some time before the acid 
precipitates out. Upon standing silicic acid soon separates. 

2. Occurrence. — Silicon is never found free in nature: it is always combined 
with oxygen in the form of silicon dioxide, SiOa , as quartz, opal, flint, sand, 
etc.; or the silicon dioxide is in combination with bases as silicates: asbestos, 
soapstone, mica, cement, glass, etc. All geological formations except chalk 
contain silicon as the dioxide or as a silicate. 

3. Formation. — Crystalline silica is formed by passing silicon fluoride into 
water, forming silicic acid and fluosilicic acid: USiE^ H- aHjO = H.SiOs -f 
2H3SiF« . The precipitate of silicic acid is dissolved in boiling NaOH and then 
heated in sealed tubes. Below 180** crystals of tridyniite are formed, and 
above 180** crystals of quartz (Maschke, /^></f;., 1^72, 145, 540). 

4. Preparation. — Pure amorphous silica is prepared by fusing finely pow- 
dered quartz with six parts of sodium carbonate, dissolving the cooled mass in 
water, and pouring into fairly concentrated hydrochloric acid. The precipitate 
is filtered, well washed and ignited. Or SIF* vapors are passed into water 
(§246) and the gelatinous precipitate washed, dried and ignited. Crystalline 
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silica is prepared by fudng silicates with microcosmic salt or with borax 
(Ruse, J. /jr., 18B7, 101, 228). 

Silicic acid, — The varltniH liydroxutee of silica act an weak acids* XfetasiUeic 
acUL H^SiO^ , has been isolated: it Is formed bv decompoKing' siJicoti ethoxidt>, 
S1(0C,HJ4 , with tnoist air (Ebelnien, J. pr,, \%\i\ 37, 350). Also Viy dialysis of 
a mixtiir*^ of soflium silicate with ati excess of hydrochtoric acid tiniil tlu* 
chlorides are all removed, concentrating, allowing to gelatin i/^, imd dryini^ 
over sulphuric acid. Other hydroxides, acids, have been isolated, but there is 
some question as to their exat:t composition. 

5. SolobiHties,— Silica, SiO. , is maoluble in water or acids except HF, 
which dissolvos it with formation of gaseous eilieon fluoridts SiF, (§248). 
Of tW silicates only those of the fixed alkalis are soluble in water, water 
glass. These silicates in solution are readily decomposed by acids, in- 
cluding carbonic acid, forming silicic acid, gelatinous. While anhydrous 
silicic anhydride, BiQnj is insoluble in mineral acids, the freshly precipi- 
tated hydroxide, silicic acid, is soluble in those acids. Silicic acid is 
decomposed by evaporation to dryness in presence of mineral acids, with 
separation of the anhydrous SiO.j ; which is insoluble in more of the same 
acids, which previously had effected its solution. 

The most of the silicates found in nature are of complex composition. 
They are combinations of SiO^ with bases* They are-, as a rule, insoluble 
in water or acids. 

6. Eeactions, — Solutions of the alkali silicates precipitate solutions of 
all other metallic salts with formation of insohible silicates; they are 
decomposed by acidic with separation of silicic acid, a gelatinous precipi- 
tate, soluble in hydrochloric acid* Evaporation decomposes silicic acid 
with sepaiViion of insolnble silicic anhydride, SiO^ . Ammonium salts 
precipitate gelatinous silicic acid from solutions of potassium or godium 
silicate. Therefore in the proces^s of analysis the silicic acid, not removed 
in the first group by hydrochloric acid, will be precipitated in the third 
group on the addition of ammonium chloride. 

Silica^ SiO^ , is soluble in hot fixed alkalis forming silicates; it is not 
sohible in ammonium hydroxide, nor are solutions of alkali siiieates pre- 
cipitated on addition of ammonium hydroxide as they are on the addition 
of ammonium salts. Boiling SiO^ with the fixed alkali carbonates forms 
soluble silicates with greater or less readiness. Nearly all silicates arc 
decompoied by beating in sealed tubes to 200^ with concentrated HCl or 

7* Ignition, — Silicatee fused with the alkalis form soluble alkali sili- 
ca tes, and oxides of the metal previously in combination. If alkali car- 
bonates are employed the same products arc formed with evolution of 
CO, , Preferably a mixture (in molecular proportions) of potassium and 
sodium carbonates, four parts, should be used to one part of the insoluble 
silicate. Silica, SiO. , is also changed to a soluble silicate by fusing with 
fixed alkali hydroxides or carbonates. 
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SiOa does not react with K,804 or HftaSO* , eren when fused at a verj bigk 
temperature (MilU and Meanwell, J. C„ 1881, 89, 533). In the fused bead of 
microoosmic Halt particles of silica swim undissolved. If a silicate be taken, 
its base will, in most cases, be dissolved out, leaving a '* skeleton of silica ** un- 
dissolved in the liquid bead. But with a bead of sodium carbonate, silica (and 
most silicateK) fuse to a clear glass of silicate. 

Silica is separated from the fixed alkalis in natural silicates, by mixing the 
latter in fine powder with three parts of precipitated calcium carbonate, and 
one-half part of ammonium chloride, and heating in a platinum crucible to 
redness for half an hour, avoiding too high a heat. On digesting- in hot water, 
the solution contains all the alkali metals, as chlorides, with calcium chloride 
and hydroxide. 

8. Detection. — Silicates are detected by conversion into the anhydride, 
SiOj . The Bilicate is fused with about four parts of a mixture of potas- 
sium and sodium carbonates, digested with wann water, filtered, and 
evaporated to dryness with an excess of hydrochloric acid. The dry resi- 
due is moistened witli concentrated HCl and thoroughly pulverized ; water 
is added and the precipitate of SiOj is thoroughly washed. Further con- 
firmation may ])c obtained by warming the precipitate of SiO^ with 
calcium fluoride and sulphuric acid (in lead or platinum dishes), forming 
the gaseous silicon fluoride, SiF^ . This is passed into water where it is 
decomposed into gelatinous silicic acid and fluosilicic acid : SSiF^ -f- 3H,0 
= HjSiOg + 2H2SiFo (§246). Silica, SiOj , is usually treated as directed 
for silicates, but may be at once warmed with calcium fluoride and sul- 
phuric acid. 

9. Eatimation. — The compound containing a silicate or silica is fused with 
fixed alkali carbonates as directed under detection, and the amount of well- 
washed SiO, determined by weighing after ig-aition. 



§260. Phosphoms. P = 31.0. Usual valence three or five. 

1. Properties.— Phosphorus is prepared in several allotropic modifications 
Specific gmv^Uy of the yellow, solid, at 20°, 1.82:J21: liquid, at 40**, 1.74924; solid! 
at 44**, 1.80681 (Pisati and de Franchis, /?., 187.'), 8, 70). At ordinary tempera- 
tures it is brittle and easily pulverized. At about 45° it melts, but may be 
cooled in some instances (under an alkaline liquid) as low as -f-4° without 
solidifying. When it solidifies from these lower temperatures, as it does by 
stirring with a solid substance, the temperature immediately rises to about 45^. 
Boilino piAnt, 287.3° at 762 mm. pressure (Schroetter, A., 1848, 68, 247; Kopp, A., 
1855, 08, 129). The density of the vapor at 1040° is 4.50 (Deville and Troost, 
C. r., 1863, 56, 891). The computed density for the molecule P| is 4.294. At a 
white heat the density, 3.632, indicates dissociation of the molecule to P, 
(Meyer and Biltz, B., 1889, 22, 725). Specific gravity of the nul amorphous 
modification at 10°, 1.964. 

Ordinary crystalline yellow stick phosphorus is a nearly colorless, trans- 
parent solid; when cooled slowly it is nearly as clear as water. In water con- 
taining air it becomes coated with a thin whitish film. If melted in fairly 
large quantities and cooled slowly it forms dodecahedral and octahedral crys- 
tals (Whewell, (\ y., 1879, 80, 144). Heated in absence of air above the boiling 
point it sublimes as a colorless gas. depositing lustrous transparent crystals 
(Blondlot, C, r., 1866, 68, 397). At low temperatures phosphorus oxidizes slowly 
in the air with a characteristic odor, probably due to the formation of ozone 
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and phosphorous oxide, P,0, (Thorpe and Tut ton, J, C* 1890, 57, 57a). Tt igrnit^a 
spontiineoysly in the air at tvo*, burning with a bright yeliowish white light 
producing much heat. From the tinely divided state, as from the evitpuralioa 
of its solution in carbon diKUlphide* it ignites spontaneously at temperatures 
at which the coanpact phosphorus may be kept for days. It must be preserved 
under water. Great precaution should be taken in workings with the ordinary 
or yellow phosphorus. Burns caused by it are very painful and heal with 
great difficulty. Ordinary phosphorus is luminous in the dark, but it has 
been shown that the presence of at least small n mounts of oxygen ar^ neces- 
sary. The presence of H^S , SO,, CS^ , Br, CI, etc., prevent the glowing- 
(Schroetter, \/. j^r,, 1H.'V:J, 58, 158; Thorpe, Nafiirf, 1S90, 41, 522). ri>on lieating 
in absence of air, better in sealed tubes, to 300° it is changed to the red modi- 
fication (Meyer, B„ 1882, 15, 2U7). 

Red phosphorus is a dull carmine-red tasteless powder. It is not poisonous^ 
while the ordinary yellow variety* is intensely poisonous, 300 to 500 mitligrams 
being sufficient to cause death. While the yellow moditleatlon is so readily 
and dangerously combustible when exposed to thts air even at ordinary tem- 
peratures, the red variety needs no special precautions for its preservation. 
It does not melt when heated to redness in sealed tubes, but is p:^rtially 
changed to the yellow crystalline form (Hittorf, Potm., l^tifj, 106, WV). If 
amorphous phosphorus be distilled in the absence of air, it is changed to the 
crystalline form, action beginning at 260'. Heated in the air from 250° to 260'' 
it takes fire (Schroetter* Lc). A black crystalline metallic variety of phos- 
phorus is described by Hittorf <^r.); also Remsen and Kaiser {Am., 1Sp(2, 4* 4.'j9) 
describe a light plastic modiflcatipn. Phosphorus is largely used in match- 
making. Yellow^ phosphorus is used in the ordinary match, and the red 
(amorphous) in the safety matches, the phosphorus being on a separate surface* 

2. Occurreace.— It is never found free in nature. It is found in the primitive 
rocks as calcium phosphate, occasionally as aluminum, iron,, or lead phosphate^ 
etc. Plants extract it from the soil, and animals from the plants. Hence traces 
of it are found in neiirly all animal and vegetable tissues: more abnndantly 
iti the seeds of plants and in the bones of animals. 

3, Formation, — Ordinary phosphorus is formed by heating calcium or lead 
phosphates with charconL The yield is increased by mixing the charcoal with 
sand or by passing HCl gas over the heated mixture. By igniting an alkali 
or alkaline earth p1ioi>phate with aluminum (Kossel and Frank, /?„ 1HW4, 27, ri2). 
Red phosphorus is formed by the action of light, heat or electricity on ordmnry 
phosphorus (Meyer, B., 1882, 15, 297). By heating ordinary phosphorus with 
a small n mount of iodine (Brotlie, J. pr., 1853, 68, 171). 

4* Preparation. — Ordinary phosphorus is prepared from bones. They are 
first burned, which leaves a residue, consisting chiefly of Cai(FO|).: then 
H38O4 is added, producing soluble calcium tetrahydrogen diphosphate (fi). 
After filtering from the insoluble calcium sulphate the solution is evaporated 
and ignited, leaving calcium metaphosphate ih). Then fused with charcoal, 
reducing two-thirds of the phosphorus to the free state (r). The mixture of 
sand, StOj , with the charcoal is preferred, in which case the whfde of the 
phosphorus is reduced (d). HydrochToric acid parsed over red-hot calcium 
phosphate and charcoal reduces the whole of the phosphorus* This process 
works well in the laboratory, and has also been syccessfully employed on a 
larger scale. Either of the calcium iihosphates may be used (e) and if). 

(a) Ci^.(FO,). + 2H,S0. — 2CaSO, -\- CaHjPO,), 

(6) CaHjPOa, + ignition ^ Ca(PO,), + 2H,0 

(r) 3Ca(P0p), + IOC = Ca»(P0,)2 + lOCO + P, 

(ef) 2C3afPO,), -|- lOC -h 2S10, = 2CaS10, -h P, -f- lOCO 

(e) 2Ca.(P0J, «h IGC 4- 12HC1 = r>CaCU + F* + 1**C0 + 6H, 

if) 2Ca(P0,), -j- 12C -h 4HC1 = 2CaCI, 4- P* + 12C0 -^ 2H, 

Red or amorphous phosphorus is prepared by heating ordinary phosphorua 
for a long time (40 hours) at 240° to 250* in absence of air. At SGO'^ the reverse 
change takes place. If the beating is under pressure and at 300"*, the change 
to the red phosphorus is almost immcdinte. It is washed with OS, to remove 
all traces of yellQW phosphorus and is dried at 100°. 
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5. Solubilities. — A trace of phosphorus dissolves in water. Alcohol 
dissolves 0.4, ether 0.9, olive oil 1.0, and turpentine 2.5 per cent of it, 
while carbon disulphide dissolves 10 to 15 times its own weight. Red 
phosphorus is insoluble in water, ether, or carbon disulphide. 

6. Reactions. — When phosphorus is boiled with a fixed alkali or alkaline 
earth hydroxide, phosphorus hydride, phosphine (§249), PH, , and a 
hypophosphite (§260) are formed. Phosphorus, when warmed in an 
atmosphere of N or CO2 , combines directly with many metals to form 
phosphides. These phosphides are usually brittle solids decomposing 
with water or dilute acids with formation of phosphoretted hydrogen, 
PHj . In nearly all the reactions of phosphorus both varieties react the 
same, the red variety with much less intensity, and frequently requiring 
the aid of heat. It is ignited when brought in contact with PbOa , PbgO^ 
HgO , AgjO , CrOa , KjCraO^ and when heated with CuO or MnOj . Solu- 
tions of platinum, gold, silver, and copper salts are decomposed by phos- 
phorus with separation of the corresponding metal (Boettger, J. C, 1874, 
27, 1060). 

With HNO3, HjjPO^ and NO are formed; when heated with KSO^ a 
rapid oxidation takes place. 

It combines with oxygen, forming PoO., or P2O5 . With yellow phos- 
phorus the reaction begins at ordinary temperature ; with the red variety 
not till heated to 250° to 260° (Baker, J, C, 1885, 47, 349). 

Water is decomposed at 250°, forming PH3 and H3PO4 (Schroetter, l. c). 

Combination with red phosphorus and sulphur takes place at ordinary 
temperatures, forming PjSg or PgSg , depending upon the proportion of 
each employed (KekuM, A., 1854, 90, 310). With ordinary phosphorus 
the action is explosive. 

CI or Br react with incandescence at ordinary temperatures, forming 
trihalogen or pentahalogen compounds, depending upon the amount of 
halogen employed. With iodine, PI3 is formed. 

The halogen compounds of phosphorus are decomposed by water with 
formation of the corresponding hydracids and phosphorous or phosphoric 
acids, depending upon the degree of oxidation of the phosphorus. In 
the presence of water phosphorus is oxidized to H^^PO^ by CI, Br, I, 
HCIO3, HBrOg, or HIO3 with formation of the corresponding hydracid: 
P^ + IOCI2 + I6H2O = 4H3PO, + 20HC1 . 

7. Igultioii. — VMien sodium carbonate is heated to redness with phosphorus, 
the carbonic anhydride is reduced and carbon is set free. Phosphorus heated 
with magnesium in a vapor of carbon dioxide forms PjMg, , which can be 
heated to redness in absence of air without decomposition. Jleated in the air 
it becomes oxidized (Blunt, A. Ch., 18(55, (4), 5, 487). Phosphorus also combines 
"With Cu, Ag, Cd , Zn and Sn when it is heated with these elements in sealed 
tubes. It does not combine with Al and but slightly with Fe (Emmerling, 
J. C, 1879, 30, 508). 
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8, Betection*^ — By it& phosphorescence; bj formation of PH3 when 
boiled with KOH (Hofmann, B., 18?!, 4, 200); by oaidatioa to HgPO^ and 
detection as such {§75, M). 

i\. Estimation.— Oxidation to HtPO, , preelpHation with magneaia mixture as 
MgNH«FQ, » jgnitjou to» and wei^Mn^ as MCgjP.Ot (|1S9, i>). 



§251, PhospMne. PH^^^ 34.024. 



Phosphliie, PHa , is a colorleBS gas having- a very disagteeable odor. As 
TisuaJiy prepared, it is spontaneously inflammaljle, burning- in the ajr with 
formation of metaphosphonc acid: 2PH, + 40a ^ SHFOi + 2H3O . It is 
liquified and frozen at very Jow temperatures; bmlinff pmnt, about — 65°; 
meUinfj point, — 132.5^ (Olszewski, if*, 18Sl>, 7, 371). It is very poisonous, spar- 
ingly soluble In water, which solution has the peculiar odor of the gas and has 
an exceedingly hitter taste* It is formed by boiling phosphorus with a fixed 
alkali or alkaline earth hydroxide («): by ignition of H^FO^ or HtPOg (b); by 
ignition of hypophosphites (r): by the decomposition of the alkaline earth 
phosphides with water or dilute acids (d): 

(a) P, + 3K0H + 3H,0 = 3KHaP0, + PH* 

(b) 2B:.P0, = HPO, + PH, + H,0 
4H,P0, = 3HP0, + PHj + 3H,0 

(c) 4NaH,P0, ^ Na,P,0, -h 2PH* + H,0 

(d) Cn^T, + <m,0 = :iCa(OH)j + 2PH. 
Ca,P, + GHCl := aCaCla + 2PH. 

It is a strong reducing ngent; tranKpOKOs many metallic Eolutlona: .^CuSO^ + 
2PH, ':=^ CUiPj + ^^H,S04: reduces scdutiojis of Hilver and gold to the metallic 
state: BAgNO, + PH, + 4H,0 = H,PO^ + hHNOi, + 8Ag: ja oxidized to H.PO* 
bv hot H.SO^ , CI . HCIO , HNO^ , HNO, , H, AsO^ , etc. A liquid phospborus 
hydride, P,H. , and a sclid, P,H^ , are known (Besson, C\ r., 1890, 111, 972; 
Gattermann and Hausknecht, E,^ 1890, 23, 1174), 



§252, Hypophosphorous acid, H^POa = 66*024 . 



H'^P'O-", 



H — — P^O. 

I 
S 



1, PropertieSi — Hypophospborous acid was discovered in 18 IG by Dnlong (A*Ch.^ 
1816, 2, 141). It is'a colorless syrupy liquids *pfd/?r ffraritu» 1»493 at lE^B"^* At 
17,4* it becomes a white crystalline flolid (Thomsen, S., 1B74, 7, 994), Although 
containing three hydrogen atoms it forms but one series of salts, e* j?,, NeiHjFO}, 
BafH.FOJ, , etc. . 

2* Occur rencft.^-Not found in natuie. 

:i. Formation* — AH orlinary nietnls form hyijophosphites except tin, copper 
and mt^rcuroHuni. Sih'er and ferric hypophosphltes are very unstable, (l) A 
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few metals, such as zinc and iron, dissolve in H,PO, , giving off faydrog'en and 
forming a hypophosphite. (2) The alkali and alkaline earth salts may be 
formed by boiling phosphorus with the hydroxides (Mawrow and Muthmann, 
Z. angew., 1896, ii, 268). (3) As all hypophosphites are soluble, none can be 
formed by precipitation. All may be formed from their sulphates by trans- 
position with barium hypophosphite. (4) All may be made by adding* S,PO, 
to the carbonates or hydroxides of the metals. 

4. Freparation. — To prepare pure H,PO, , BaO and P (in small pieces) are 
warmed in an open dish with water until PH, ceases to be evolved. The 
liquid is filtered and excess of BaO is removed by passing in CO, . After again 
filtering, the liquid is evaporated to crystallization of the barium salt. This 
is dissolved in water and decomposed by the calculated quantity of S2SO4 . 
The solution is filtered and evaporated in an open dish, care being taken not to 
heat above 110** . Upon cooling the white crystalline tablets are obtained. 

5. Solubilities. — The free acid is readily miscible in water in all proportions. 
The salts are all soluble in water, a number of them are soluble in alcohol. 

6. Beactions. — A. — With, metals and their compounds. Hypophosphorous 
acid is a very powerful reducing agent, being oxidized to phosphoric acid or a 
phosjihate. 

i. Pbiv becomes Pb'' in acid or alkaline mixture. 

2, Ag' becomes Ag** in acid or alkaline mixture. 

3, Hg^ becomes Hg^ and then Hg** in acid or alkaline mixture. 

4, Asv and As'" become As** in ijresence of HCl . 

J. Bi'" becomes Bi° in presence of alkalis or acetic acid. 

6. Cu" becomes CujH, and on boiling Cu** (separation from Cd). 

7. Fe'" becomes Fe" , no action in alkaline mixture. 

8. Crvi becomes Cr"' , no action in alkaline mixture. 

9. Co'" becomes Co" , no action in alkaline mixture. 

10. Ni"' becomes Ni" , no action in alkaline mixture. 

11. Mn"+n becomes Mn" in acid solution. 

12. Mniv+n becomes Mniv in alkaline mixture. 

B. — With non-metals and their compounds. 

1. H.Fe(CN), becomes H4Fe(CN). . 

2. HNO, and HNO, become NO . 

3. H,PO, on heating becomes H.PO* and PH, . 

4. H,SO, becomes free sulphur with formation of some HjS (Ponndorf, J, C, 

1877,31, 275). 
H3SO4 becomes first HxSO. then S . See above. 

5. CI becomes HCl in acid mixture, a chloride with alkalis. 
HCIO and HCIO, form same products as CI . 

6. Br b ecomes HBr in -acid mixture, a bromide with alkalis. 
HBrOs forms HBr . 

7. I forms HI , in alkaline mixtures an iodide. 

HI, dry, reacts violently, forming HaPO, and PH4I (Ponndorf, I.e.). 
HIO, forms HI . 
7. Ignition.— On ignition hypophosphites leave pyrophosphates, evolving PE,. 
The acid decomposes on heating to PH, and H.FO* (or HPO, if at a red heat). 

8. Detection.— Hypophosphorous acid may be known from phosphorous 
acid by adding cupric sulphate to the free acid and heating the solution 
to 55°. With hypophosphorous acid a reddish-black precipitate of copper 
hydride (Cu^'R^) is thrown down, which, when heated in the liquid to 100°, 
is decomposed with the deposition of the metal and the evohition of 
hydrogen, whilst with phosphorous acid the metal is precipitated and 
hydrogen evolved, but no CUoHg is formed. Further, hypophos])horous 
acid reduces the permanganates immediately, but phosphorous acid only 
after some time. Phosphites precipitate barium, strontium, and calcium 
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salt?, while hypophosphitcs do not. When hypophosphoroiis acid is 
treated with zinc and sulphuric acid it is converted into phosphoretted 
hydrogen. On boiling hypophosphoroiis acid with excess of alkali hydrox- 
ide, first a phosphite then a phosphate is formed, with evolution of 
hydrogen, 

0, Estimation. — (1) By oxidation with nitric acid and then prococdjnir **» 

with phusphorie acid* (2) By mercuric chloride acidulated with HCl; the 

tempcmtur*- niiiJit not riFc above liO**, otherwise metiUlic mercury will be 

fonnecL The [>rf'eipitated HgCl , after wa.^^hiuR- and drying at lOO*', in weig^hect 

NaH^PO, + 4Hg01, + 2HaO = 4HgCl + H.PO* + ITaCl + 3HG1 



§253. Phosphorous acid, H,,P03 

H 



: 82.024 , 



H',P"'0- 



1. Properties,— Phosphorr^na anhydride, PjO, , is a snow-white solid, melting 
at 23.5^, iind boiling at 17:ui° (Thorpe and Tiitton, J. (\, IbUU, 57» 545), The 
vapor dfiiHity of the giiseous oxide indicateH the molecule to be P*Oa - ^ pec i fit* 
praritif of the liquid at 21*, 1.9131- of the solid at the same tempera1ur«.% 2AA5. 
It has an odor resembling' that of phosphorus. Heated in a sealed tube at 
200= it decomposes into P*0| and P (T, and T„ J. C, imi, 50, lOlil), It reacts 
slowly with cold water, formini^ H,POj: with hot water the reaction is violent 
and PH* is evolved, I pou exposure to the air it oxidizes to PjO^ , 

The acid. H,PO, , is a crystalline Bolid, very deliqueecent, melting at 74'' 
(Hurtzig- and Gtuther» .4., 1859, 111, 171), It is a dibasic aeirt, forming no 
tribanic saltH (Amat, V. r,, 18S9, lOfl^ 403). One or two of the hydrogen atoms 
are replaceable by metals forming aeid or normal stnlta. The third hydrogen 
in never replaet'd liy a metal, but may 1>e replaced by orpanie radicles (Uailton, 
J. v., J«5;j, 7» 21Gf Miehaelis, J. C-, X8T5, 08, 111^0^ Neither meta nor pyro- 
phosphorous acids are known, but a nnmber of pvrophosphites have been pre- 
pared (Amat, €. r., iSwa, 106, 1400; 18H9, 108, 1056; 1B90, 110, 1191 and 901; 
A. €h., 1891, (ti), 24, 28U). 

2. Occtirrence,— Does not occur in nature. 

:i, Pormation,— F,0, is formed together with PjOi when phosphorus is 
ignite<l in the air* HiPO, In formed together with H^PO^ when phosphorus 
Is nxidired with HNO,; by the oxidation of HiPO^fi by the action of P upon a 
concentrated solution of CuSO^ in absence of air: '^CuS04 -f* P, + ^H^O ^ 
Cu<P, -h 2H*POs + 3a,S0, (Sehiff, A,, 1 860, 114, 200). 

4, Preparation. — To prepare phoRphnrous anhydride* P,Os , phosphorus is 
burued in a tube with an insiiflicicnt supply of air (Thorpe and Tutton, L c). 
The acid, HbPO. , is prepared by diKRolving the anhydride in cold water; by 
decomposing PClj with water (Hurtsjig ntid GeuthtT, Li\). 

5, Soliibili ties.— The nrid is miseible in water in all proportions, AlkfiH 
phosphite?^ jire soluble in water, most others are insoluble (distinction from 
hy po ph OS p b i t es ) » 

i\. Eeactlona,— Phosphorous add in a strong reducing agent, oxidizing to 
phosphoric ni'id when expOKed to the air. It reduces salts of silver and gold to 
the nietailic state and is changed to phosphoric acid by moat of the strong 
ovidixing acids and by many of the hig-her metallic oxides, H^rCl, becomes 
HgCl and then Hg= , CuOla becomes CuCl then Cu" (Hamineliberg, J. C, 187^, 
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26, 13). Concentnted H,80« with heat forms H,PO, and SO, (Adie, J. C^ 1891. 
W, 230). H,80. forms H^S and HsPO« iWoehler. ^^ IMl. 39. 252). Nascent 
hydrogen (Zn and H,80,) produce FH, (Dusart. C. r., 1S56. 43 ^ 1126 ), 

7. Ignitioii. — The acid is decomposed bv ignition* forming* SPO, and P or 
PH, (Vigier, Bl^ 1869, (2), 11. 125: Hurtzig and Genther, I.e.). Phosphites are 
deco mposed bj heat, leaving a pyrophosphate and a phosphide and evolving 
PH, or H (RammeUberg. B^ 1S76I 9. 157T: and Kraut. A., 1S75, 1T7, 274). 

8. ]>eteetion. — By oxidation to H,PO« and detection as snch. It Is distin- 
guished from h^-pophosphorous acid by reducing CnSO, to Ca®, ipvhile the 
latter forms Cii,i^; also by the solubilities of the salts (§252. 8). Its reactions 
ivith oxidizing agents distinguish it 'with hypophosphorous acid from phos- 
phoric acid. 

9. E«t1in«t1cm — By oxidation to H,PO« and estimation as such. 



§254. Hypophotphoric acid. H^P^O. = 162.032 . 


II II 
H',P^,a-^.,H — — P — P — — H. 

I I 



I I 

H H 

Hypophosphoric acid is formed together with phosphorous and phosphoric 
acids by slowly oxidizing phosphorus in moist air (Salzer, J.., 1885, 232. 114 
and 271); also by oxidizing phosphorus with dilute HNO, in presence of silver 
nitrate (Philipp, B., 1885, 18, 749). It consists of small colorless hygroscopic 
crj'stals which melt at 55**. It decomposes when heated to 70** into H^PO, and 
HPO, , and at 120** gives H*?,©^ and PH, (Joly, C. r.. 1S8G, 102, 110 and 760). 
It is oxidized to H,PO« by warm HNOs , slowly by "KMziO^ in the cold, rapidly 
when heated. It is not oxidized by HjOj » chlorine water or HjCrOt: HgCl, 
becomes Hg^ (Amat, C. r., 1890, 111, 676). It is not reduced by Zn and H^SO. 
(distinction from HsPO, and HaPO,). With a solution of silver nitrate it gives 
a white precipitate which does not blacken in the light (distinction from H.PO, 
and HaPO,). It forms four series of salts, all four hydrogen atoms being- 
replaceable by a metal. The hypophosphates are much more stable towards 
oiddizing agents than hypophosphites or phosphites. 



§266. Phosphoric acid. H3PO4 = 98.024 . 
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H'3PV0-'',,H — — P — — H. 

I 




1. PropertlM. — Phosphoric anhydride, PjOj *, is a white, flakey, very delique- 
scent solid, fusible, subliming undecomposed at a red heat. It is very soluble 
in water, forming three varieties of phosphoric acid: orfhOy HsPO*: meta, HPO,; 

• AooordlniT to Tilden and Damett (J. C, 1896, 69, 154) the molecule is P40,o not P,0» ; P40» 
not P,0, (Thorpe and Tutton, J, C, 1891, 59, 108S) ; and P^S. not P,8, dsambert. C.r., 1886, lOa, 
1886). 
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a lid puro, H^P^Ot » Orthophosphorie acW is a translucent, feebly crystallizable 
and very dejiquescetit soft solid, i^pmfit* gravitif, 1>H (Seliilf, J.,/l8i>0^ 113. WA); 
mutiny poiitt, 41.75" (Bert he lot, Bl., 1878» (2), 29, a), U it* changed by beat, 
first to pyropboaphorle acid, then to metapbospboric acid, Orthopbosphoric 
acid forms three classfs of salts: M'H^FO^ , primary, monobasic or mono- 
metallic phosphateK; 1C\HP0, , secondary, dibaRic or di metal) ie pbospbates: 
and M',PO^ , tertiary, tribasic, tri metallic or normal pbojipbates. The first 
two are a cid salts, but Na.HPOj is alkaline to test paper* Metapbosphorie 
acid, HFOp »H--0 — P:^0,iaa white waxy solid, volatile at a red heat 

II 

O 
(ordinary' glacial phosphoric acid owes its hardness to the ntiiversal presence of 
Bodium metaphospbaie)* Jt is a monobasic acid, but there are various jmly- 
meric modifi cat Eons, diating-uiebed from each other chiefly by physical diffeV- 
enoes of the acids and their salts (Tammann, Z. phys* Cft., itiOQ, 6, 122). 
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Pyrophosphoric acid, H4P1OT , H— O — P — — P — O — H,isa glasB*like 

O O 

I I 

H H 

BoUd (Pell got. A, Ch.^ 1H4(}, (2), 73, 2Sfi), very soluble in, but unchanged by, 
water at ordinary temperatures changed by boiling water to HiPO^ - Heated 
to redness HFOi is formed. It forms two cIukscs of salts: M^HsP^Ot and 
M%P,0, . 

2. OcciuTence. — Phosphates of Al , Ca , Mg and Pb are widely diBtributed in 
minerals. Guano consists quite larg-ely of calcium phosphate. Calcium and 
mag-nesium phosphates are found in the bones of animals and in the ashes of 
plants. The free acids are not found in nut Lire, 

3, ^OTm9ttiQn,—Fhmpiior\r fftihudtidr, p.Oj , is formed by burning' phosphorus 
in great excess of air; also by burning phosphorus in KO , NO3 , or ClO^ . 
Orihopfiosphoritr ncfef, HsPQ^ , is formed by lonfr exposure of phosphorus to 
moist air, or by oxidation with HNO,; by oxidation of HaPO, or H^PO:! with 
the halogens, H:N0, , HGIO, , etc.; by treating PjOa , EPO^ , or H<F:Ot with 
boiling water; by combustion of PHa in moist air; nnd by action of water on 
PCI3 . It is also formed from metallic phosphates by transpoBition with acids 
in cases where a precipitate results, as a lead or barium phosphate with sul- 
phuric acid, or silver phosphate with hydrochloric acid. But when the pro- 
ducts are all soluble, as oalcinm phosphate with acetic acid or sodium phosphate 
with sulphuric acid, the transpcsition is only partial; so that unmixed phos- 
phoric acid is not obtained. A non-volatile acid, like phosphoric, is not sepa- 
rated from liquid mixtures, as the volatile acids are, like hydrochloric. The 
change represented b^^ equation {a) can be verified, that is, pure phosphoric 
acid can be separated; but the changes shown in equations (h) and (r) do not 
comprise the whole of the material taken. In the operation (&) some sodiunt 
phosphate and some nitric acid will be left, and in (r) some tri hydrogen 
phosphate will no doubt be made. 

n. CaH.fPOa. H- H,C,0, = CaC 0, + 2H,P0, 

b. Na,HPO. + SHNO, = 2NaN0, + H,PO, 

md Na,HPO, + HKO, = NaNO, + NaH.PO, 

c 2CaHP0, + 2HC1 = CaCI, -h CaH,(PO,), 

Jfiiffpfto*pRorfc <irif! is formed by treating P,0^ with cold water; by decom- 
povtllon of lead metaphosphate w-ith HjS or of the barium salt with H^SO,; 
by ignition to dull redness of phosphorus or any of its acids In the presence 
of air and moisture. 

Pj/rttphofiphfinr arUl, HiP^O, , is formed by the decomposition of lead pyro- 
phospltate, Pb.PjOt , with H.S or of the correspond ing barium salt with 
H.SO, : or by heating H,PO, to a little above ^OC until no yellow silver 
phosphate, Ag,PO, , is obtained on diNstdviiig in water and treatment with 
silver nitrate after neutralization with NH^OH. 
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4. Preparation. — To prepare PjOg , phosphorus is burned in a slow cur- 
rent of dry oxygen heating to about 300°, then in a more rapid current 
of the gas, and finally the PjOb is distilled in an atmosphere of oxygen 
(Shenstone, Waifn" Die, 1894, IV, 141). HgPO^ is prepared by warming 
l)hosi)horus, one part, with nitric acid, sp. gr. 1.20, ten to twelve parts, 
with addition of 300 to GOO milligrams of iodine to 100 grams of phos- 
])horus, until ilie ])hosphorus is completely dissolved. The excess of 
HNO., is removed by evaporation, water is added and the solution is sat- 
urated with HgS to remove any arsenic that may be present. The solution 
is tlien evaporated to a syrupy consistency at temperatures not above 
ITiO^ (Krauthausen, Arch. Pharm., 1877, 210, 410; Huskisson, B., 1884, 
17, 1<»1). Many orfliophosphnies are formed by the action of HgPO^ upon 
metallic oxides or carbonates; by the reaction between an alkali phosphate 
iind a soluble salt of the heavy metal; by fusion of a metaphosphate with 
tlie corresponding metallic oxide or hydroxide; also by long continued 
boiling of nu'ia or pyropliosphates. M eta phosphates are formed by double 
deco!n|)ositiou with NaPO... or by fusion of a monobasic phosphate or any 
phos[)hate liaving but one hydrogen equivalent substituted for a metal, 
the oxide of which is non-volatile, e, //., NaNH^HPO^ . Ptjrophosphates 
are formed by double decomposition with Na^P207 ; by action of H^P^Oj 
on certain oxides or hydroxides; also by ignition of dibasic orthophos- 
phates, e, r/., Na^HPO^ . NagH^JjO^ may be prepared by titrating a sat- 
urated solution of HB,J^2^^ with HNO3 until the solution gives a red color 
with methyl orange. Upon standing the salt separates in large crystals 
(Knorre, Z. angew., 1892, ()39). 

5. Solubilities. — All the phosphoric acids are readily soluble in water, 
as are all alkali phosphates. Alkali primary orthophosphates have an 
acid reaction in their solutions; alkali secondary and tertiary phosphates 
are alkaline in their solutions; the latter is easily deeoni posed, even by 
CO2 , forming the secondary salt. A number of non-alkali primary ortho- 
phos])hates are soluble in water, e. //., CaH4(P0jo . All normal and di- 
nu'tallic orthophosphates are insoluble except those of the alkalis. The 
normal and dimetallic phosphates of the alkalis precipitate solutions of 
all other salts. The precipitate is a normal, dimetallic, or basic phos- 
])hate, except that with the chlorides of mercury and antimony it is not 
a ])hosphate but an oxide or an oxycliloride. 

All j)hosphates are dissolved or transposed by HNO.5 , HCl , or HgSO^ , 
and all are dissolved by HCgH.Oj except those of Pb , Al and Fe'" . All 
are soluble in H3PO4 excei)t those of lead, tin, mercury, and bisnuilli. 

The non-alkali raeta and pyrophosphates are generally insoluble in 
water. The pyrophosphates of the alkaline earth metals are difTicultly solu- 
ble in acetic acid. The most of the pyrophosphates of the heavy metals. 



except silver, are soluble in solutions of alkoli pyropliosphateSj as double 
pyropkosphaies soluhU in water {distinct ion from ortliophosphates). Ferric 
iron as a doulik pyrophosphate loses tlie chiiraeteristic properties of that 
metal (Persox, /, C.j 184D, 1, 183). Pho&phatest are insoiubla in alcohol* 

6, Beactlon©,— A.^With metala and their compounds. — Phosphoric acid dis- 
solves^ Hume nn/taJs, r. j/., Fe , Zn and Mg with evolution of hytlrogen. It unites 
with the oxides and hvdroxides of the alkaliR and ulkaline earths and with 
other freshly precipitated oxides and hydroxklea except perhaps uniimonous 
oxide* It also decotn poses all carboimtes evolving CO^ * Phosphatea are formed 
in the above reactions* the composition of whit'h depends upon the conditions 
of the experitttent 

Free urthuphosphoric acid is not precipitated by ordinary salts of third* 
fourth and fifth group metals (in instance of ffirk- eiiloride. a distinction from 
pyrophosphorie aeid and met a phosphoric acid),* bnt is precipitated in part by 
sflver nitrate, and lead nitrate and acetate* AmmoniaeaJ solution of calcium 
cMorid© or of barium chloride precipitates the norma! phospliate. 

Free metaphosphorie acid prrcipitates solntiont^ of silver nitrate^ lead nitrate, 
and lead acettite* the precipitates being' insoluble in excess of metaphosphorie 
acid, and soluble in moderately dilute nitric acid* Barium, cftlciura and ferrous 
chlorides, and mag-nesium, ahimlnum, and ferrous sulphates, are not precipi- 
tated by free metaphosphorie acid- Ferric chloride is precipitated, a distinc- 
tion from orthophoRphoric acid* 

Free iiyrophosphorie acid ^ves precipitates with solutions of silver nitrate^ 
lead nitrate or acetate, ard ferric chloride: no precipitates with barium or 
calcium chlivride* or with map-nesium or ferrous sulphate, 

Orthophosphorie acid — or an orthophofe^phate with acetic acid — does not roaif^- 
Infc v^^ albumen or gelatine. This is a distinction of both orthophosphoHc 
acid and pyropbosphoric acid frmn meiuithosphorw and. 

With ailver nitrate soluble orthophosphates form silver orthopliosphate, 
A|r jPO, , yellow; with metaphosphates, silver Dietaphosphato, AfPO^ , 
white; and with pyrophosphates, silver pyrophosphate, A^^P^.O^, white, 
all soluble in ammonium hydroxide. Silver metaphosphate it* soluble in 
iBxcess of an alkali metaphngphate (distinction from pyrophosphates). 

If a disodium or dipotassium orthophosphate Is added to solution of silver 
nitrate, free acid is formed, and an acid reaction to test-paper \h induced (a)* 
But with a trisodiuni or trlpotasBiutn phoRphate. the solution remains neutral 
(ft)^-a means of diMinffttishhiff fAc ftt'ld pltoftphatfi^ ft'mn tM narmaJ. 

(«) Na.KFO, -{- iA^NO, = AgPO, + 2NaN0, + HKO, 
(^1) ICa.FO, + :sAgNO, = Ag.PO, + 3NaN0, 
Free orthophosphorie acid forms no precipitate with reagent silver nitrate. 

With lead acetate or nitrate* Ifa.HPO^ forms Pb^^PO^ , white, insoluble 
in acetic aeid^ as are also the phosphates of aluminum nnd ferrieum* With 

• A iolittion oontalnloff G p. o.ferrie chloride, mLted with one- fourth lU volume of a 10 p* o 
SOlutlnQ of tfrthophmphori^ Skei4, requires that near half of the latter be ni?utralkcr| [so th«t 
photphaie la to phosphorlo acid ae 1.114 is to 1.000) Imfitte iirecipitatloc oceura. On iha other 
humt, 4 cc. of a 5 p. c. 90lutlOD of ferrlo chl<>ricle» mixed with 1 cc. of a p. c. solution of metn- 
phf!ftjfh*vrie. neifl, forma proctpttate, to dissolve whk^h, JO cc. of the sama mctapbospboiie EcM 
solution t r 5 cc» oraS4 p. c. bo 3 nt ion of bjdroohlorio add are required. Four ee* of » 5 p* c, 
talatlouof firlrer nitntU wUb 1 co, of a 10 e,c* solution of (trihtiphmphoric acid give a preeipl- 
t lie I to dl«*olve wblcli requtres T ec, of the same ortbophoephorlo acid solution* (The *%uthor'« 
report of work by Mr. Moriran, Am.Jmir, Phar.^ 1970, 4», 53i. Kmtschmcr and Sztankovanaliy, 
Z,. 1883. ai, 530.1 
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PbClj the precipitate always contains a chloride. Free phosphoric acid, 
H3PO4, forms an acid phosphate, PbHPO^ (Heintz, Pogg,, 1848, 73, 119). 
Lead salts also form white precipitates with soluble pyro and metaphos- 
phates; the pyro salt, PbjPaOT , is soluble in an excess of Na^PaO^ . Bis- 
muth salts form BiP04 , insoluble in dilute HNO3 . 

Solutions of orthophosphates give, with soluble ferric, chromic, and 
altuninnm salts, mostly the normal phosphates, FcPO^ , etc. The ferric 
phosphate is but slightly soluble in acetic acid, and for this reason it is 
made the means of separating phosphoric acid from metals of the earths 
and alkaline earths (§162). Solution of sodium or potassium acetate is 
added; and if the reaction is not markedly acid, it is made so by addition 
of acetic acid. Ferric chloride (if not present) is now added, drop by 
drop, avoiding an excess. The precipitate, ferric phosphate, is brownish- 
white. 

With zinc and manganous salts, the precipitate is dimetallic or normal — 
ZnHPO^, or Zn3(P04)2 — according to the conditions of precipitation. 
When a manganic compound is mixed with aqueous phosphoric acid, the 
solution evaporated to dryness and gently ignited, a violet or deep blue 
mass is obtained, from which water dissolves a purple-red manganic 
hydrogen phosphate, a distinction from manganous compounds. With salts 
of nickel, a light green normal phosphate is formed; with cobalt, a reddish 
normal phosphate. 

Soluble salts of the alkaline earth metals, with dimetallic alkali phos- 
phates, as Na^^04 , form white precipitates of phosphates, two- thirds 
metallic, as CaHPO^ ; with trimetallic alkali phosphates, white precipitates 
of phosphates, normal or full metallic, as Ca3(P04)2 . The precipitates are 
soluble in acetic acid, and in the stronger acids. Concerning the am- 
monium magnesium phosphate, see §189, 6d, 

Magnesium salts with ammonium hydroxide give a precipitate of double 
pyrophosphate, soluble in alkali pyrophosphate solution. 

Magnesium salts with ammonium hydroxide are not precipitated by 
soluble metaphosphates unless very concentrated. 

Ammonium molybdate, in its nitric acid solution (§75, Qtd), furnishes an 
exceedingly delicate test for phosphoric acid, giving the pale yellow pre- 
cipitate, termed ammonium phosphomohjhdate. The molybdate should be 
in excess, therefore it is better to add a little of the solution tested (which 
must be neutral or acid) to the reagent, taking a half to one cc. of the 
latter in a test-tube. For the full delicacy of the test, it should be set 
aside, at 30** to 40°, for several hours. 

Ammonium molybdate reacts but slowly with meta or pyrophosphate 
solutions — and not until orthophosphoric acid is formed by digestion with 
the nitric acid of the reagent solution. 
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J?.— With non-metals and their compounds.— Phosphoric acid is not 
reduced by any of the reducing acids. Phosphates of the first two groups 
are transposed by H^Sj and of the first four groups by alkali sulphides 
with formation of a sulphide of the metal, except Al and Cr , which form 
a hydroxide; phosphoric acid or an alkali phosplmte is also formed. 
HCl , HFO3 , and H^SO^ transpose all phosphates and all are transposed 
by acetic acid except those of Pb . Al tind Fe"' pho^iphates. Sulphurous acid 
transposes the phosphates of Ca , M^ , Mn , Ag , Pb , and Ba , also the 
arsenite and arsenate of calcium (Gerland, J. C.^ 187'^, 23, Sd). Excess of 
phosphoric acid completely displaces the acid of all nitrates, chlorides, and 
enlphates upon evaporation and long-continued heating on the sand bath. 

7. Ignition witli metallic magn^ioin (or isodium) reduces phosphorus from 
phosphatt^s to niaR-neshim phthyihidt^ P.Mgs , recofrni^pcl bj odor of PHi , 
formt-*d on coiitact of the phoKphide with w liter, A bit of HKig^nesivim wire (or 
of sodium) is crovt-red with the previously i^nihed niid innvdered substance in 
a glass tube of the thickness of a gtriiw, mu] heatecL If any com hi nation of 
phosphorie uekl is pr^ftent, vivid incflnde^;e^'rn «' ^^ill occur^ and a black maHs 
will lie h*ft. The latter, crushed and wet with water, gi\ei^ the odor of phos- 
phorus hydride. 

Orthophospliorlc acid heated to 213** forms pyrophosphoric acid; when heated 
to dull redness the meta acid is obtained, which subliraeH upon further heating 
without ehanffe. Phosphorfi.' anhydriden P^O^ » cannot be prepared by ignition 
of phosphoric acid. Tri basic orthophosphates, norma] pyrophoisphates, and 
met a phosphates of metals whose oxides are not volatile and n<jt *leeompoeed 
by hpat alone are nnchanfirtd upon ignition. Dimetallic orthophosphates, 
M'jHPO^ , are ehartged to normal pyrophosphates upon jg-nition: 11 1 si > iribasiu 
orthophosphates when one-third of the base is volatile, f . f|., MgNH.PO^ . 
Mono-metallic or primary orthophosphate^t M'HaPO, * become meta phosphates; 
alio second a ry or tertiary orthophosphates when only one atom of !iy drop-en 
19 displaced b_y a metal whose oxide is non volatile, r. ft., NaNH*HPO» . 
Acid pyrophosphates* H^H^PjO^ » form metaphosphates. V^^^pn mt!ta or ]>yro- 
phosphateti are fused with an excess of a non-volatile oxide, hydroxide or 
carbonate the tertiary orthophosph^ite is formed {WfHfH\ inn 4. IV, IWV). 

Phosphates of Al . C^ , Fa, Cu , Co , Nt , Mn , Ql and V when heated to a 
white heat with nn alkali siiljihate form oxides of the metals and an alkali 
tribasjc orthopho^phate; phosphates of Ba , Sr , Ca , Mg , Zn and Cd foi*m 
double phosphates, partial transposition taking place (Derome, C, n, 187&, 89, 
fl52; Grandeau, A. Ch., 1886, (6), 8, 193). 

, 8. Beteetion, — The pro,ciC?ncG of orthophosphoric acid in neutral or acid 
Bohitions h detected hy the use of an excels of an ammonium moljhdate 
solution (§76,^^). With pym and metaphosphoric acid^ no reaetjon is 
ohtained except as they are chunrrfHl to the ortho acid hy the reagents 
used. Disodium phosphate, Na.HPO^ , after precipitation with silver 
nitrate, reacts> acid to te&t papers. With tri sodium phoj^phate the ftohi- 
tion is neutral (distinction). Orthophosphates arc distinguished from 
pyro and uietaphosphates by the color of the precipitate with silver nitrate: 
A^aPO, h yellnw, Ag.P.O, and AgPO, are white. Abo hy the fact that 
only the ortho acid k preeipitated hy ammonium tnolybdate. Nearly all 
pyrophosphates are soluble in sodium pyrophosphate, Na^P.Oj (distinc- 
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tion from orthophosphates). Hager (J. C, 1873, 26, 940) gives a method 
for detecting the presence of H3PO3 , HgABO, , or HNO, in H3PO4 . Sodium 
metaphosphate does not give a precipitate with ZnSO^ cold and in excess; 
with Na^PjOT and Na3H2P207 a white precipitate of ZHjPoO^ is obtained 
(Knorre, Z. angew., 1892, 639). 

9. Estimation. — (a) By precipitation as magrnesium ammoDium phosphate, 
MgNH«PO« , and igrnition to the pyrophosphate, (h) By precipitation and 
weighing as lead phosphate, Pb,(PO«)j . (c) By precipitation from neutral or 
acid solution by ammonium molybdate and after drying at 140** weighing- as 
ammonium phosphomolybdate. Consult Janovsky (J. C, 1873, 26, 91) for a 
review of all the old methods. 



§266. Salphnr. S = 32.07 . Usual valence two, four and six. 

1. Properties.— Sulphur is a solid, in yellow, brittle, friable masses (from 
melting); or in yellowish, gritty powder (from sublimation) or in nearly white, 
slightly cohering, finely crystalline powder (by precipitation from its com- 
pounds). At — 50° it is white (Schoenbein, J. pr., 1852, 55, IGl). The specific 
gravity of native sulphur is 2.0348 (Pisati, Z^., 1874, 7, 361). Melting point, lll<» 
(Quincke, J., 1868, 21). Boiling point, 444.53° (Callendur and Griffiths, C. A"., 1891, 
63, 2). Vapor density at 1160° is 34, indicating that the molecule is S, (Bineau, 
C. r., 1859, 49, 799); but at lower temperatures the molecule seems to vary from 
Sa to S« . Sulphur is polymorphous, existing in various crystalline forms, 
rhombic, monoclinic and triclinic systems, and also in amorphous conditions. 
It is also classified by the relative solubilities of the various forms in carbon 
disulphide. In chemical activity, volatility and other properties it stands as 
the second member of the Oxygen Series: O, 16.000: S, 32.07; Se, 79.2; and Te, 
127.5. On being heated it melts at 111° to a pale yellow liquid; as the tempera- 
ture rises it grows darker and thicker, until at about 1S0° it is nearly solid* 
so that the dish may be inverted without spilling. At 260° it again becomes a 
liquid as at first: and at 444.53° it boils and is converted into a brownish-red 
vapor. If it is slowly cooled, exactly the same physical changes take place in 
the reverse order, becoming thick at 180° and thin again at 111°, and at lower 
temperatures solid. If, at a temperature near its boiling point, it is poured 
into cold water, it forms a soft, ductile, elastic string, resembling india-rubber. 
In a few hours this ductile sulphur changes back to the ordinary form, the 
change evolving heat. But if poured into water from the other liquid form — 
that is, at 111° — it forms only ordinary, brittle sulphur. In contact with air 
sulphur ignites at 248° (Hill, C. A'., 1890, 61, 125): burning in air or oxygen 
with a pale blue flame and penetrating odor to SO2 . 

The isolated oxides of sulphur are SOj , SO3 , S^O, and SjOt . Sulphur and 
oxygen combine directly to form SO2 and SO3; the former by burning sulphur 
in oxygen, the latter by the action of ozone upon SO,; also by burning sulphur 
with oxygen under several atmospheres pressure. SjO, is made by dissolving 
sulphur'in .sulphur dioxide: SjOt by the action of the electric discharge upon 
a mixture of SO, and O . 

2. Occurrence. — (a) Found in a free state, and as SOj in volcanic districts, 
(ft) As HjS in some mineral springs, (r) As a sulphide: iron ]jyrites, FeS, ; 
copper pyrites, CuFeSj: orpiment, ASsS,; realgar, As.S,; zinc blende, ZnS: 
cinnabar.*^HgS: galena, PbS. (d) As a sulphate: gypsum. CaS0,.2H,0: heavy 
spar, BaSO*; kieserite, TULgSO^MtO; bitter spar (Epsom salts), MgS0^,7HsO: 
Glauber salt. Na2SO,,10H,O , etc. 

3. Formation. — (a) By decomposing polysulphides with HCl (Schmidt, Phar- 
mneeutische Chemie, 1898, 175). (6) By adding an acid to a solution of a thio- 
sulphate. (c) By the reaction between SO^ and H^S: 2S0j -f 4H2S = 3S, -f- 
4H2O . (d) By the decomposition of metallic sulphides with nitric acid: 2Bi2Ss 
+ 16HN0, = 4Bi(N0,), + 38, + 4N0 + 8H,0 . 
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4. Preparation.— (o) The native sulphur is separated from the cUiy and rock 
in which it in embedded, partly by TOcltinj,^ and partly by distillation, {h) 
From FeS, by heatitig- in close cyljndt^rs ;iFeS. =^ Fej,S/H- %: ar tit a hig-her 
temperature; 2reS, ^ 2FeS -f S, . Ahieh of the suiphur contained in pyrites* 
is converted into and utilized as sulphuric aeid, 

5. Solubilities.— Ordinary (not precipitated) sulphur In soluble in carbon di- 
sulphide: the ductile variety is iuKoiul>le. There are several allotropic forms 
of sulphur. Samples of commercial sulphur are almost never found which are 
entirely soluble or insoluble in carbon distilpHide. I'orms of ssulpUur infeoUibJe 
in CSa are changed to soluble forms upon heating to the melting points 
also amorphous sulphur insoluble in CS; (formed by adding acids to thiosul- 
phates or SO, to H^S) is chnnged to the soluble form by mixin|T with a solution 
of HaS in water. It dissolves readily in hot solutions of the hydrops ides of 
potassium, sodium, calcium or barium, formini?- polysulphides and tlijosul* 
phates: 3Ga{0H)t + OS, = 2€skS, + CaS.O, + iH,0 . ^These can be sepnrtited 
by alcohol, in which the sulphides dissolve. These products are also readily 
decomposed by acids with separation of sulphur (method of preparation of 
precipitated sulphur). 

Precipitated sulphur (in analysis, HCl upon (NHJtS^) is soluble in benzol or 
low boiling petroleum ether: of value in analysis for the removal of the sulphur 
to detect the presence of traces of As or Sb sulphides (Fresenius, Z,| 189-1, 33, 
573). 

6. Eeactions. .4, — With metals and their compounds*.— Sulphur does 
not combine with metals without the aid of hoat (see 7), except thai under 
very great pressure (0500 atmoi^pheros) it combines with Pb , Sn , Sh , Bi , 
Cn , Cd , Fe , Zn , and Mg (Spring, B., 1883, 16, 999). 

Flowers of sulphur boiled with SnCL gives SnS and SaCl^ ; with HifNOjj 
almost exactly one-half of the mercury is precipitated as HgS . No action 
with sulphates of Cd , Fe", Jin'', Ni and Zn ; with acid solutions of SbCla 
and BiCla ; or with solutions of As^ and As"' (Vortmann and Padberg, 
B., 1889, 22, 2G42). Sulphur boiled with hydroxides of K , Na , NH, , Ba , 
Ca, Sr, Mg, Co, Ni, Mn , Hg", Bi, Cm', €n\ Cd, Pb , Ag. ami Hg' 
forms sulphides and thiosulphates; also some sulphates are formed. No 
action with hydroxides of Fe , Zn and Sn (Senderens, Bl, 1891, (3), 6^ 
800). 

B. — With non-metals and their compounds* 

1. HCN warmed with sidphtir or a polysulphide becomds a thioeyanate: 
2KCN -f S, -- 2KCNS or IHCN + 2(NR^l,S, = 4ira,CNS + *^Hi + S^ , 

2. HKOj^ becomes HO and M^SOi . Strong acfd and long continued 
boiling are necessary to the complete oxidation of the sulphnr. The 
crj^etailized variety is attacked with much greater difficulty tliau the 
amorphous or flowers (Saint-Gilles, A, Ch^j 1858, (3), 54, 49), 

8. Red phosphorus combines readily at ordinary temperature, forming 
PjS., or P.Sfl , depending upon the relative amounts of the elements used. 
Ordinary phosphorus combines explosively. See §252, 6. Tribai-ie sodium 
or potassium phosphate when boiled with sulphur fonns alkali polysul- 
phide and thiosulphate, changing the phosphate to dibasic phosphate 
(Fi)hol and Senderens, C. r,, 1883, 96, 1051). 
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i> MJU^ , ':fj^s^^\r7irj^. \^z lie ••r-i*'«=K^ 90. frraii both liie 8 and the 
1L}», : 4H^, - «r = <»i - ^0. Sof^ii^i *dded to 8 *t 1^' 
fon:^t: *,•-<: v,u<r :-v;^.',M.'.,:,l-jr' -* tzJL"' zrjZr. 5.0. <dc»t ib^ AniiTdiide of 
xhx*/t'^,u:,-,r,'. k^r-y.^ Si^i'- W. r**.r> -w:*! S rTf^i: *: ordinarr t^nipera- 
tuf*-*-, f'jr::..:,'/ *:,^'j^^:.iyLrzi^: h'/.i tr.i •rl :r i^-^rtihioidc acid (Coleiai, 

>. CI ;:, ;>f«>^r.v<r of wiiZ^r forrL^ HCl *j::ii HJSO« . BCIO, became? HCl 

</, Br ■;- pfr-i^L^^e of va:^r ?>k<*:i:>^ HBr &iid HJSO« . HBrO, becomef 
HBr ;*'-: H^, . 

7> >-i.\*\.\r C'/^r^: liOt app<r^r to Lave anj action iijK>n iodine or upon 

iv J ; ? J < r ' o/;. t/^y 1. 5- 'i *■ . 

7, IgnitUm. In th« air. at ordinary- temperarures. finely divided sulphur is 
v^TV >^iip;iAly oxJoiz*-d. oy oz/^i «r. to tfulphwri^ 'jrid: at 24'*" it begins to oxidize 
muUity t/y tttftifttuftftttf *inhi^ri*i^. ^junni^a with a blue fame. 

Huiplior. w)i#-ii fijM^ with th** foJlowiu^ elements, combines with them to 
form >'ji|/hi*J*'»': Fb . Ag . Hg . Sn . As . Sb . Bi . Cn . Cd . Zn . Co . Wi . Fe . 
0r . Ca . Mg . K . Va . In . Tl . Pt . Pd . Bh . It . Li . Ce . La . He . Pr . 

gvi «. iM-i'orrj''^ 8^'J wh*-n fijM-<J with alkaline carrx^nate and nitrate or chlorate. 
That la, in-f hijlj^hur* 8' , or any compound c-ontaining- sulphur with valence 
J^-fc** than hix, i>; oxidiz<-d to a Kulphat*- if fu«ed with an alkaline nitrate or 
i'.UUtrnif, uUrU' oxide or a chloride being" formed and carbon dioxide escaping-. 

H. Detection* — (a) By burning in tlie air to a ga? having the o*\ot of 
burning niatohr--. ih) Hy its • nolubility in CSj . (c) By formation of 
H28O4 with oxidizing agf'ntf*. (J) By the fonuation of sulphides upon 
fusion with nietali*. (f) By the blackening of >ilver coin after l>oiling 
with alkali hydroxide, if) Formation of reddi.sh-piirple with sodium 
nitrofi'rrieyanide aftr*r boiling with alkali hydroxide. (g) In ororanic 
eonipoiinrlH by heating with Na and testing the Na.S with sodium nitro- 
ferrieyanide (Vohl, //., 1870, 9, 875). 

9. Estimation. — Sulpliur is usually estimated by oxidation to a sul- 
phate and weighing as BaSO^ . 



8267. Hydroinlphuric acid. HjS = 34.086 . 
H'28-", H — 8 — H. 

1, Prop«rtiM.— .!/^>//'n^///r weight, 34.080. Vapor denHity, 17. Boiling point, 
— lil.M". Frtrziiiff point, --H^tJtVt". IJndcr a pressure of 14. Ji atmospheres it be- 
coincN II Ihpihl at 11.11° (Faraday, A., 1845, 56, l.)()). It is a colorless poisonous 
KHM. It huniM readily, forming' Huiphur dioxide and water: 2HmS -j- :\0., = 2SO._. 
♦ \tHjO , The aqueouH Holution Klowly decomposes ii])on exposure to tlie air 
with Neparatlon of HuIphur. The jfas is readily expelled from its aqueous 
Wfihltinii by holllnM*: nlowly when exjiosed at ordinary tem])erature. IJoth the 
min and tiie water HohitloiiM have a feebly acid reaction towards moist litmus 
paper. They alNu poHMeMH a Ktronff characteristic odor, resemblinfj that of 
rotten oM'Ki*' i» a^^itl or In alkaline solutions it is a strong reducing agent. 
Hei* (i. 
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2. Occurrence.— Found free in vokntiic g^asea ducI frequent! j in minera! 
aprirjg's. While the inhaled ^as is fioisouousj, the mineral watera oontaining- it 
are reputed to be a healthful bevemge, 

X Formation of HydroBTilphiirlc Acid. — (") By direct union of the ekments 
when piKSKt'd over puinice Ktone heated to 400° { Core n winder, A, CA,| 1852, (3), 
3%. 77), {b) ileatiDg- panifiin or tallow with sulphur (Fleteher, C. N., 1879, 40, 
15-1) i and by parsing ilhLminuting gas through boiling sulphur (Taylor, C, X.» 
18811, 47, 145). (r) The sulphur in ecm! bttfeomes H^S in the process* of gaa- 
makiiig. {d) From steani and sulphur at 4-tO°, 0- ) OfteQ occurs in aalure from 
reduction of gypsum by defnyiTij*" organic mutter (Myers* J, />r„ lS*ili, 108, I2:i). 
(f) Transposition of sulphides by hydracids or by dilute phosphoric or dilute 
sulphuric acid, {fj} Decompositicjn nf organic compounds containing sulphur. 

Formation, of Sulphides.— (J) By fusion of the metals with sulphur, see 
g256, T. (i) By action of H,S upon the free metals, hydrogen being evolved. ! 

\Vith Hg" and Ag' this occurs tit ordinary temperature, but with most metals a 
higher temperature is needed, (d) Action of HhS on metallic oxides or I, 

hydroxides. Those sulphides which are decomposed by water (v. */., Al^Bi , , 

CTjS,,) are not formed in Its presence, but by action of HjS upon the oxide at f 

a red heat* (^) By action of soluble sulphides ti[jun metallic solutions. The | 

ordinary sulphides of the first four groups are formed thus, ext-ept ferric salts, | 

which are precipitated as FeS ^ and aluminum and chromic salts as hydroxides. 
(5) By action of CSa ni>on oxides at a red heat. (6) By action of free sulphur i 

upon oxides at a red heat, (7) By the action of charcoal upon the oxy acids of I 

sulphur at a red heat in presence of an alkaline carbonate. To prepare a 
sulphide absolutely arsenic free, take BaSO^ , 100 gramsi coal, pulverized, 25 | 

grams: and NaCl^ 20 grams, mix, ram into a clay crucible and ignite to a ,' 

white heat for several hours (Winkler, Z., 1888, 27^ 26), {S) By the action of j| 

Kinc amalgam on sulphuric acid (Walz, i\ A\» 1871 23, 245), {9} As a reagent ] 

for the formation of metallic siilphides in analysis it is recommemicd by |i 

Schii! and Tartigi (/f„ 1894, 27, :i4-i7), Schiff (R, iso.S, 28. V2(u), and Tarugi 
{Ga::sfm, 1895, 25, i, 260), to use ammoniuui thioacetate, CHjOOSNH^: prepared j 

by distilling a mixture of phosphorus pentasulphide and glacial acetic acid | 

<300 grains each) with 150 grams of cracked glass. A large distilling tlask is I 

used and the distillate is cullected to 103*. It is then dissolved in a slight 
excess of ammonium hydroxide, diluting to three volumes from one volume 
of the acid. Salts of the metals of the first two groups in acid solution are I 

readily precipitated as sulphides upon warming with this reagent. 
i, SFfi + S, = 2FeS 

2. 2Ag + H,S = Ag,S + H, 

3. Pb(OH), + H,S = PbS + 2H,0 
4F«(0H)j + 5H,S = 4FeS + S^ + 12H,0 

-f. 4F«C1, + G(1JH;),S = 4FeS + S, + 12WH,C1 

5, 2CaO + CS, ^ 2CaS -h CO. 

<?, 4CaO + 3S, = 4CaS + 2S0, 

r, K,QO, + 2C = K,S + 2C0, 

4. Preparation. — For laboratory purposes it is jioarly always made by 
adding H^SO^ or HCl to FeS, The ferroua sulphide is prepared either 
by fusion of the iron with the sulphur, or by bringing red hot iron rodi^i 
in contact with sticke of sulphur, and is made to drop into tabs of eold 
water. Dilute H.SO, should be used: FeS + H.SO, = FeSO, + H,S . 
Concentrateil H.-SO^ has no notion on FeS , unless heated and then SO. h 
evolved: 2FcS + 10H.S0, = Fe,(SO,), + OSO. + lOH.O ; and frequently 
free sulphur is formed by the uHion of the H.S upon tlie SO^ firiit formed. 

The colorless ammonium sulphide, (IfH4)aS , is prepared by saturating 
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Hininonium hydroxide with H28 until a sample will no longer give a pre 
cipitatc with a Holution of magnesium sulphate; showing that ammoniun 
hydroxide is no longer present. Upon standing the solution graduall; 
heconu'rt yellow with formation of the polysulphides or yellomr ajmnoniiu 
•ulphide, (irajaS, This may be hastened by the addition of sulphu 
(Hloxam,./. r.. 18<)r), 67, 277). 

Sodium lulphide, Na^S , is prepared by neutralizing an aleoholie solutioi 
of NaOH with HjS and then adding an equal amount of NaOH and allowin; 
to cryHtallizf; air being excluded. The various polysulphides, Tfa^S^ t< 
Na^Sn , arc prepared by boiling the normal sulphide with the calculatet 
amountH of suliihur (Hoettger, .1., 1884, 223, 335; Geuther, A., 1884, 224 
201). 

T). Solubilitici.— At 15° water dissolves 2.6G volumes of the gas H^S. 

Sulphldci whieh dissolve in dilute HaSO^ evolve HjS, e. g., CdS , FcS, 
MnS, ZnS, ete. But if a sul[)hide requires concentrated H2SO4 for its 
solution; S and 80a "J*^' formed or 8O3 alone; e, g., BigSg , CuS, HgfS . If 
(concentrated H.JSO4 be used upon a sulphide that might have been dis- 
solved in the tliiute acid, then no H.^S is evolved: ZnS -f 4H2SO4 = ZnSO^ 
4- -iSOa j- iHyO . Or with a small amount of water present: 2ZnS + 
'iHaSO, SJZnSO, + 8., + l^SO^ + IH.O . The sulphur of the zinc sul- 
phide is oxidized to fre(^ sul|)hur and that of the sulphuric acid is reduced 
to sulphur <lioxi(l(^ Hg^S is almost insoluble in HNO3 , dilute or concen- 
trated, readily soluble in eliloriiu% nitrohydroehloric acid, or chloric acid 
if hot. Most other sulphides arc soluble in hot HNO3 (§74, Ge). Long 
continued boiling with water more or less completely decomposes the sul- 
phides of Ag^ , As , Sb , Sn , Fe , Co , Ni , and Mn ; no effect with sulphides 
of Hg:, Au, Pt, Mo, Cu, Cd, and Zn ((Mermont and P>oramel, A. C?i., 
1H7J), (5), 18, X3()3). 

As a reiigent, hydrosulphuric acid, gas or solution in water finds ex- 
tended ap))lieation in the analytical laboratory. The grouping of the 
baiei for analysis depends very largely U])on the relative solubilities of the 
8ul])hides. IIy(lrosul))huric acid in alkaline solution, alkali sulpliide or 
polysvlphiilc y is a scarcely less imj)ortant reagent, being especially valuable 
in the subdivision of the metals of the second group. 

The lulphideB of tlu; first four groups are ins()lul)le. Hydrosulphuric 
acid transposes salts of the first two groups in acid, neutral, and alkaline 
mixtures, except arsenic, whieh is generally imperfectly ])recipitatcd un- 
less some free acid or salt that is not alkaline to litmus be ])resent. The 
result is a sulj)bidc, but mercurosuni forms mercuric sulpliide and mer- 
cury, and arsenic acid may form arscnous sul])hide and free sulphur. 
Ferric solutions arc reduced to ferrous with liberation of sulphur. In acid 
mixture other third and fourth group salts are not disturbed, but from 
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solutions of their normal salts traces of cobalt, nickelj manganescj and 
zinc (p35, Ge) are precipitated. 

Soluble sulphides transpose salts of the first four * groups. The result 
is a sulphide, except that with aluminum and chromium salts it is a 
hydroxide, hjdrosulphnric acid being evolved. With mercurou^ salts, 
moreuric sulphide and mercury are formed; with ferric salta, ferrous sul- 
phide and sulphur. 

The precipitates have strongly marked Dolcra — that of zinc being white: 
manganese J flesh colored; those of iron, copper, and lead, hUck; arsenic 
stannic and cadmium, peUow: antimony* oranffe-red; stannous, hrown; mer- 
cury, successively white, yellow, orange, and black. 

0, Beactians. A. — With metals and their compounds.— Some metals 
are converted into sulphides on being treated with hydrosulphiiric acid; 
p. ^., Ag , Cu, Hgs etc. The alkali polyt^ulphidci^ slowly attack many 
metals with formation of sulphides: Sn becomes M'^SnSg ; Ag becomes 
AgjS , no action with colorlesr (1^4)^8 ; Hi forms HiS ; Fe , FeS ; Cu , 
CuS and then Cn^S (with colorless ammonium sulphide, (NHJ.S , Cu,8 
is formed with evolution of hydrogen) (Priwozink, ^,, 187'^, 164, 46), 

The hydroxides or non^ignited oxides of Fh", Ag , Hg", Sb , Sn , Bi'", 
Cu, Cd, Fe", Co", Ni% Mn", Zn, Bs, Sr, Cs, Mg, K, Na, ond NH, 
unite with moist H^S at ordinary temperature to form sulphides without 
change of the valence of the metal. In other cases the valence of the 
metal is changed, usually with liberation of sulphur* 

i, Pb"+» becomes PbS and S . 

$. As^ in acid solution forme some As^B^ and 8* See §69, 6e. 

S, Hg" becomes EgS and Hg . 

4. Cr^* becomes Cr'" and S, if the HJ be in excess: 2K.fiTj}^ + SH^S 
= 4Cr(0H)^ + 3S2 + 2K,S + 2KJ) . ' 

5, Fe'^' becomes Fe" and S ; 4FeCl3 + 2H,S = 4reCU + IHCl + S, . 
If the solution be alkaline FeS is prccipitat^^d: 4FeCl3 -f GK^B = 4FeS + 
12KC1 + 8, , 

e. Co"+^ becomes Co'' and S, 

7. JTi"^" becomes Ni" and S . 

S. Mji"+'' becomes Mn" and 8. In alkaline solution with excess of 
KMnO^, an alkali sulphate is formed and MnO^ : 8£]CnO« + SK^S ^ 
3K.B0^ + 4K,0 + HMnO, (Sfhlagdvnhafen, BL, 18T4, (2), 22, 10). 

In the above reactions, if an alkaline sulphide be used instead of hydro- 
sulphuric acid, the metal will be precipitated as a sulphide with the 
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2llaU8f No nMLctioii whh tlio Held axod alkali sulphide* CHaMS, KHJi) or wjtb ttminotituai 
aulpbld^A (Pckmso. A. Ok, ^Wk (4). 7, i:Sj. 
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formation of an alkali hydroxide; except that the arsenic will remain in 
solution (§69, 5r) and the chromium will be precipitated as the hydroxide. 
Dry HjS has no action on the dry salts ot Vh , Kg , Hg , As , Sb , Sn , 
Bi , Cn , Cd , or Co ; nor does it redden dry blue litmus (Hughes, Phil. 
Mag., 1892, (5), 33, 471). 

Many insoluble Bulphides, freshly precipitated, transpose the solutions of 
other metallic salts. In some cases the action is quite rapid at ordinary tem- 
perature, in others long'-continued heating" (several hours) at 100® is necessary. 
PdS is formed by action of PdCl, with sulphides of all the metals follo^v^ing* in 
the series below named, but PdS is not transposed by solutions of the metals 
following". Silver salts form AgjS with sulphides of the metals follo-wing" in the 
series but not with sulphides of Pd and Hg , etc.; Pd , Hg , Ag , Cu , Bi , Cd . 
Sb , Sn , Pb , Zn , Ni , Co , Fe , As , Tl and Mn (Schiirmann, A., 1888, 249, 326). 

B. — With non-metals and their compounds. 

1. H3rc(CN)e becomes '&J^t(Q'S)^ and 8. Proof: Boil to expel the 
excess of hydrosulphuric acid, then add ferric chloride (§126, 66). 

2. HNO3 becomes NO and S . If the HNO3 be hot and concentrated the 
sulphur is oxidized to sulphuric acid. 

S. HyS has no reducing action on the acids of phosphorus. 

4. H2SO3 becomes pentathionic acid, HsS^Oe , and sulphur: lOHjSO, -f- 
IOH2S = 2H2S,,0fl 4- oS. + I8H2O. With excess of HoS the product is 
entirely free sulphur from both compounds: 2H0SO3 + '^H^S = SSo + 
6H2O (Debus, /. C, 1888, 53, 282). 

H2SO4 , dilute no action ; concentrated and hot, S and SO2 are formed : 
2H2SO, + 2H28 = 82 4- 2SO2 + 4H2O (§256, QBJk). 

5. CI with H2S in excess forms HCl and S ; with CI in excess forms HCl 
and H2SO4 . 

HC163 with HoS in excess forms HCl and S ; with HCIO3 in excess HCl 
and H2SO4 . 

G. Br \nth HjS in excess forms HBr and S ; with Br in excess HBr and 
H2SO, . 

HBrO.^ with HoS in excess forms HBr and S ; with HBrO.^ in excess HBr 
and HjSO^ . 

7. I becomes HI and S (Filhol and Mellies, A. Ch., 1871, (4), 22, 58). 
HIO3 becomes HI and S . 

7. Ignition. — Dry hydrosulphuric acid gas is not decomposed when heated to 
350° to 360°. At this temperature AsH, in presence of potassium polysulphide, 
K,S, , liver of sulphur, is decomposed: 2A8H, + 3KaS, = 2K,AsS3 + 3H3S; 
thus furnishing a ready means of purifying H,S for toxicological work (§69, 
6'6) (Pfordten. B., 1884, 17, 2897). 

If air be excluded some sulphides may be sublimed unchanged; e. f/., HgS , 
ASsS, , A8.S. , SbjS, , etc. In some cases part of the sulphur is separated, 
leaving a sulphide of a lower metallic valence: 2FeS, = 2reS + S^ . Some 
sulphides remain unchanged upon ignition in absence of air: f. ^7.. FeS , MnS , 
OdS , etc. All sulphides suffer some change on being ignited in the air: some 
slowly, others rapidly; Sb ,8, , CuS, A1,S, , Cr,S, , etc., evolve SO, and leave 
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the oxide of the metal; HgS , Ag^S , etc., evolve SO* and leave the free roeml. 
All sulphides, as well us all other compounds of sulphur, when fused with KNOg 
or KGIO^ in presence of an alkali carbonate are oxidued to an alkali sulplmte; 
forming NO or KCl and evolving CO^ , The metal is changed to the carbotiatet 
oxicle or the free metal (%22B, 7). 

^Vhen igrnited on cliarcoal with sodiiim carbonate— or idifftinciltm from 
Aulphntem) if iffttitcd in a po}*iyjliiln ertttHbJ^ with BOdi*im carbonate— soluble mdittm 
iiutphidt'g are obtained. The production of the sodium sulphide is proved by the 
Wflfffc »Mn of AgaS » formed on tnetallie »ilvw by a moistened portion of the 
fused mass. (Compounds of selenium and tellurium, §5112 and 113.) 

8. Detection. — (a) The odor of the gas constitutes a delicate and char- 
acteristic test when not mixed with other gases having a strong OLlor. 
(b) The gas blackens filter paper raois-tened with a solution of lead ace- 
tate, delicate and characterietic. In the detection of traces of the gas, 
a slip of bibnloim paper, so moistened, may be inserted into a slit in the 
smaller end of a cork, which is fitted to the test*tube, wherein the material 
to be tested is treated with sulphuric acid; the tube being set aside in a 
warm place for several hours. If any oxidizing agents are present — as 
chromates, ferric salts, manganic salts* chlorates, etc.— hydrosulphuric 
acid is not genera ted, but instead sulphur is Beparated, or sulphates are 
formed (0). {c) The gas blackens silver nitrate solution, delicate but 
PH-j, AsH^, and SbH^ also blacken silver nitrate solution, {d} By its 
reducing action upon nearly all oxidizing agent i^ with reparation of sul- 
phur, which is detected according to §256, 8. KMnO^ is perhaps the motst 
delicate test but the least characteriBtic, (e) Its oxidation to a sulphate 
is characteristic in absence of other sulphur compounds. This method 
ifi usually employed with sulphides not transposed by dilute HjSO^ ; 
chlorine, nitrohydrochloric acid or bromine being the usual oxidizing 
agents. Also, these sulphides and certain supersulphidcs, attacked with 
difficulty by acids, as iron pyrites and copper pyrites^ are reduced and 
dissolved, with evolution of hydrosulphuric acid^ by dOote sulphuric acid 
with zinc* The gas, with its excess of hydrogen, may be tested by method 
if), if) Sodium nitroferricyanide gives a very delicate and characteristic 
test for H^S as an alkali sulphide. The gaa is passed into an excess of 
alkah hydroxide; and to this mixture the reagent is added, producing a 
transient reddish-purple color. Free H^S, dilute, remains colorless; a 
concentrated solution gives a blue color, due to the reducing action of 
the HjS on the ferricyanide. 

For method of separation of the various sulphur compounds from each 
other consult Kynaston (/. C, 1859, 11> 166) and Bloxam {€, N., 1895, 
72, 63). 

U. Estimation. — Sulphides are uauallj oxidized to H-jSO^ (by chlorine, 
bromine^ or nitrohydrochloric acid, or by fusion with ENO^ and Na^COJ 
precipitated with BaCl^ and weighed a& BaSO« * 
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JTjUiJ^O-^^, H— — S — 8— H.* 

II 


1. Pfopertics.-'ThioculphnHc acid. HAO, i formerij called hypo6tilphiirt>ii8 
Bcldf, han not b««Ti isolated: but it almost certainly exists in dilate solutions, 
wh#rn a dilute weak acid is added to a solution of sodium tkiosulphmte, Va^S,0, , 
aor>n \9*'f(\nn\n$^ to decompose into H^SO, and 8 (Landolt. B., l>S3/l6, 2985)! 
Tlie thi^AfilphateA are not particularly stable compounds, some decomposing 
alm/At immediately upon forming: f . ^^ mercury thiosulphates. Alkali thio- 
aulphatex de^rrimpr^tie upon heating into sulphate and polysulphide: 490x8,0 — 
:;Va,104 -*- VMjUi . father salts give also 8 and Hj8 . " Boiling solution of a 
thioifulphate gives a sulphate and H,8 or a sulphide of the metaL 

2, Oeearrtnct, — Not found in nature. 

'{, tormMtion. — Thioj-ulphato* are formed by the oxidation of alkali or 
Alkaline earth polvsulphides by exposure to the air or bv SO, or "K^Cr^Or' 
2aS, -f Mt = 2<5a8,0. -h 38,: 4Ha,8, -r 6SO, = 4Ha,S,d, -|- 98,; 2K,Ss -h 
4K,Cr,0, -f i:;H,0 = .'>X,8,0s -r ^Cr(OH), -r 2K0H (Doepping, A., 1843, 46, 
172; Ofieront, C. r., 1*^72, 75, 1276). Also by heating ammonium sulphate -with 
phr/nphorim fientaHiilphide (Spring. B.. 1^74, 7. 1157). 

4, Frtpftration. — Thiosulphates are prepared by boiling sulphur in a solu- 
tion of normal alkali sulphite: 2Ha,80s -f- S, == 2Ha3S,0, . Fixed alkali or 
alkaline ejirth hydroxides with sulphur aLso form thiosulphates: 3Ca(OH), -\- 
fMt = 2Ca8, -h*CaS,0, -h 'iH,0 (Filhol and Senderens, C. r., 1SS3, 96, S39: 
Henderens, ('. r., 1HH7, 104, 58). Commercial sodium thiosulphate is prepared 
by passing 80, into ** soda waste " suspended in water, calcium thiosulphate 
liefng forrnerl. This is treated with sodium sulphate, filtered and evaporated 
to crystalliziition. 

fi. Solubilities.— The larger number of the thiosulphates are soluble in Ttrater; 
thoM» of barium, l«*ad and silver being only very sparingly soluble. The thio- 
Nulphates are insoluble in alcohol. They are decomposed, but not fully dis- 
NOlved, by acids, the decomposition leaving a residue of sulphur. 

Alkali thiosulphate solutions dissolve the thiosulphates of lead and silver; 
also the chloride, bromide and iodide of silver, and mercurous chloride; the 
iodide and sulphate of lead; the sulphate of calcium, and some other precipi- 
tates — hy formation of soluble douhle thiosulphates: 
Aga8aO, -f Na^S^O, = 2NaAgS,0, 
AgCl -f Na,S,0, = NaAgS^O, -h NaCl 
PbSO, -f 3Na,S,0, =Na,Pb(S20,), -f- Na,SO, 

n. Beactlons.— /I .— With metals and their compounds.— With soluble thio- 
milnhntcH, MolutloMH of lead and silver salts are precipitated as thiosulphates, 
white. Hoiuble In cxcchh of alkali thiosulphate. Those precipitates decompose 
upon Mlanding, raj)idlv on warming, into sulphides and sulph\iric acid: AgaSjOg 
4- H,0 = Ag,S -f H,SO, . Soluble mercury salts with sodium thiosulphate 
form a white precipitate, almost instantly turning black with decomposition to 
mrrcuric sulphide. Na,S,0, blackens HgCl , a portion of the mercury going 
Into solution, colorless, reprecipitated black upon warming. 

Acid solutions of anenio and antimony are precipitated by hot sohnion of 

• Bunto,!!., 1874, T. 046. 
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l^EtSgOt as Bulphides, AbjSi and Sb^B^ (,a separation from tin»* which is not 
precipitated) (6c, 5 569* 70 and 71)- Solutions of copper salts with thiosul- 
phates* on long" stamHngT precipitate cuprous salt, changed by boiling to 
cupro\is sulphide and sulphuric acid (separation from cadmium, §78* Ge)» 

Sohitions of ferric salts are reduced to ferrous salts with formation of sodium 
tetrathionate: Si'eCl, + ^Ha-jS^O, = 2FeGl, + 2NaCl H- Na^S.O,: used m a 
quantitative method of estimation, with a few drops of potassium thiocyanata 
a SI an indicator. Chromic acid (chromateK in acid solution) are reduced to 
chromic salts with oxidation of the thiosulphate. 

Permangtinates in neutral solutjOii becomi; mangranese dioxide, in acid solu- 
tion the reduction is complete to maugrttnons salt, a sulphate and dithionate 
being formed (Luckow% Z., 1893, 32, 5;j). 

Barlujn chloride forms a w^nte precipitate of barium thiosulphate, BaEjOg , 
nenrly insoluble in water, Oalcinim chloride forms no precipitate (distinction 
from a sulphite)* 

S,— l^ith non-metals and their compounds.— When thiosulphates are decom- 
posed hy acids, the constituents of thiosulphuric acid are dissociated as sul- 
phurous acid and sulphur. Xearlv all Rclda in this way decompose thiosul- 
phates: SKa^S^O, + 4HC1 = 4iraGl + 2H,S0, -j- 8, . 

Thiosulphates are reducing- agents — even stronger and more active than the 
aulphites to which they are so easily converted. This reduction is illustrated 
by the action on arsenic compounds, on ferric salts and on chromiites and 
permanganates as given above. Also the huiog^ena arc rctUiced to the halide 
salts forming' a tetrathionate; ^NajS^O, + I, = 2NaI -j- Xa^S^O^ . H chlorine 
or bromine be m excess the tetrathionate is further oxidized to a sulphate; 
Ka,S,0, -h 4CI3 -h 5HsO = Na.SO, + H,30, -f 8HC1 . Chloric, bromic and 
iodic acids are first reduced to the corresponding halogens and then with an 
excess of the thiosulphate to the halidea, always accompanied with the separa- 
tion of sulphur. Nitric acid is reduced to nitric oxide with the separation of 
sulphur. 

7. Ignitloa.— On ignitlQii, or by heat short of ignition, all thiosulphates are 
decomposed. Tliose of the alkali metaJs ieave sulphates and polysulphideB (a), 
others yield sulphurous acid with sulphides, or sulphates, or both. The 
capacity of thiosulphates for rapid oxidation, renders their mixture with 
chlorates, nitrates, etc., ej'plomve, in the dry %viiy. Chlorates with thiosulphates 
explode violently in the mortar. Cyanides nnd ferricyauides, fused with thio- 
sulphates, form th joey ana tes, which may he dissolved hy alcohol from other 
products. Uy fusion on charcoal with Na^GO, , thiosulphates form sulphides 
{b} and (r); and by fusion with an alkali carbonate and nitrate or chlorate, 
a fiulphste is formed (d). By ignition of a metallic salt with NajSgO^ in a 
dry test-tube the characteristic colored sulphide of the metal is obtained 
(Landauer, J?., 1872, 5, 40B), 

(a) ^Na.SjO^ = Na.Sa + iiNa^SO^ 

(&) ira,S,0, -f Wa,CO„ -h 2C = 2Wa,S + 300, 

(c) 2PbS,0, + 4Na,C0, -f 50 = 4Na,S + 2Pb 4- SCO, 

(d) riNa,S,0, + BKa^CO* + IKCIO, = tiKa^SO, 4^ 4KC1 + 300, 

S, Betectian. — In analysli^ thiosulphates are distlnsruished by giving a pre- 
cipitate of sulphur with evolution of sulphurous anhydride w^hen their solu- 
tions are treated with hydrochloric acid: by their intense reducing- power, 
shown in the blackening of the silver precipitate: and by non-precipitation of 
calcium salt«. 

The prfCipiMtifm of ^itulphur tnfh evolution of sulphttr&us anhydride-, by addition 
of dilute acids — as hydrochloric or acetic — is characteristic of thiosulphates. 
It will be understood, however, that in presence of oxidiscing agents^ which can 
be brought into action by the acid, Etilphldea wiU likewise give a precipitate of 
sulphur. 

■ Aocordlng to VortmanD (M., IBM, T, ilB) ■odium thiosulphate ma? be oied Instead of h^dm 
eulphurlo add in the »e<^oad group of htae^ An exoeu of the rett^at li to be svoliiea and 
Dltfio ieid should be absent 
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In the presence of a sulphate and sulphite the thiosulphate is detected as 
follows: Add BaX}!, and KH4CI in excess, then HCl to solution of all but the 
BaSOf . Filter and treat the filtrate with iodine, forming BaSO^ of the sulphite 
and Ba840c of the thiosulphate. Filter and add bromine to the filtrate, which 
then forms Ba80« (Smith, C, A\, 1895, 72, 39). 

9. Estimation.— By titration with a standard solution of iodine, or by titrat- 
ing the iodine liberated by a standard solution of potassium dichromate (§$125, 
10, and 279, 6^7). 



§269. Hyposnlphnroiu acid. H^SO, = 66.086 . 

{Eydrosulphurous or dithionous acid.) 

H',S"0-%, H — — S — H. 



Obtained by Schiitzenberger (C. r., 1869, 69, 196) by the action of zinc on 
sulphurous acid: Zn -f 2S0, -f- HjO = ZxiSO. -f- H^SO, . The sodium salt is 
formed by treating a concentrated solution of sodium acid sulphite with zinc 
filings: 25n -f- SKaHSO. = ZxiSO. -f- NasSO. -f- NaHSO, + H,0 . In the forma- 
tion of the free acid or of the sodium salt no hydrogen is evolved. It is a very 
unstable compound, a strong reducing agent, rapidly absorbs oxygen from the 
air, becoming sulphurous acid or a sulphite. According to Bernthsen (B., 1881, 
14, 438) the sodium salt does not contain hydrogen. He g^ves the formula as 
Na,S,0«: Zn + 4NaHS0, = ZnSO, + NajSO, + Na,S,P4 + 2H,0 . It is used 
in the preparing of indigo white fop the printing of cotton fabrics. See also 
Dupr6, J. C, 1867, 20, 291. 



§260. Dithionic acid; H^SsOe = 162.156 . 



II II 
H'2(S,)xO-%, H — — S — S — — H. 



Known only in the form of its salts and as a solution of the acid in water. 
The free acid or the anhydride has not been prepared. The manganous salt 
is prepared by the action of a solution of sulphurous acid upon manganese 
dioxide at a low temperature: MnO, -f- 2H3SO, = MnS^O, + 2H2O . Similar 
results are obtained with nickelic or ferric oxides (Spring and Bourgeois, B/., 
1886. 46, 151). The acid is obtained by treating the manganous salt with 
Ba(OH), and the filtrate from this with the calculated amount of H2SO4 . 
It is a colorless solution and may be evaporated in a vacuiim until it has a 
specific gravity of 1.347. It decomposes upon further heating: H.;So0« = H.SO^ 
-f SOj . All other thionic compounds decompose upon hcatinu ir'tth scjuiration of 
sulphur. By exposure to the air dithionic acid is oxidized to sulphuric acid. 
All dithionates are soluble in water and mav be purified by evaporation and 
crystallizatipn (Gelis, A, Ch., 1862, (3), 65, 230). 

Dithionic acid is also prepared by carefully adding a potassium iodide solu- 
tion of iodine to sodium acid sulphite (Hoist and Otto, Arch. Pharm., 1891, 229, 
171); Spring and Bourgeois {Arch. Pharm., 1891, 229, 707) contradict the above 
statement. 
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g26L TritMonic acid. H^Oa = 194.236 - 



II 11 

H',(S,rO-%, H — — S — S — S — — H. 
tl il 



The free acid and anhydride are not knot¥n. The potaBBuira salt is prepared 
by boiling' potaReinm acid-sulphite with sulphur (a); by treating potassium 
thioflulphatc with sulphurous acid (6) (no action with sodium thiosulphate) 
(Baker, C, N., 1877, 36» 203: Villiera, C, r., 1889, 108, 402): by the action of 
iodine on a mixture of sodium sulphite and thiosulphate (v) (Spring, B.. 1874, 
7, 1157): 

(a) 12KHS0, + S, = 4K,S3 0. + 2^,80, -h GHjO 

(&) 4K,S,0, + 6S0= — 4K,S,0, + B, 

(c) Na,SO, + Wa,S,0, + I, = Na,S,0, + 2NaI 

The acid is pFcpared by adding perchloric or fliiosilicic acid to the potaMllllil 
salt. The acid ts quite unstable: at low temperature in a vacuum it deiMim- 
poses into SO, , S and H^SO^ . The salts are quite stable : thej^ are not oxidized 
by chloric or iodic acidn, while the free acid ia rapidly oxidised by these acids- 
Fixed alkalis or sodium amalgam change the trithionate to snlphite and thio- 
sulphate (Spring', L c.)* 



§262. Tctrathionic acid. H^S^O^ = 226.29G , 



H',{8J^"0- 





II II 

H — — S — S — S — S — — H, 



The aalts are soluble in water and are comparatively stable. They are heat 
obtained in crystalline form by adding alcohol to their solutions in water. 
The acid has not been isolated but it ia much mon^ stable than the tri or 
pentathjonic acids. In dilute solution it can be boiled without decomposition. 
The concentrated solution decomposca into H^SO^ ^ S0» and S. 

Tetrnthionatea are prepared by adding iodine to the thiosulphates: 2BaS,0, + 
I, = BaStO^ + Balj (Maumene. i\ t\, 1879, 89, 422). The lead salt is obtained 
by the oxidation of lead thiosulphate by lead peroxide in presenc?e of sulphuric 
acid: 2PbS,0, + PbO, + 2HaS0, = PbS.O, + 2FbS0, + 2W,0 (Chancel and 
Diacon, J. pr.^ 18tjJ, 90, 55)* To obtain the acid the lead shoiild be removed 
by the neci^ssary amuunt of sttlphiiric iicid, and not hy hydrosulphunc acid, 
which causes the formation of sonie pentath ionic acid. A number of other 
oxidizing agents may be used to form the tetrathionate from the thiosulphate 
(Fordos and Gelis* C*. n, lfi42, 15, 020). Sodium amalgam reconverts the tetra- 
thionate into the thioisulphate; Na^S^O^ + ^Na = 2ira,SiOj (Lewes, /. T.. iftBO, 
39, 68; 1881, 41, 300), Tetrathionic acid is also formed with pentathionic acid 
in the reactions between solutions of HjS and SO, (Wackenroder*s solution. 
1„ 1846, 60, 189). See also Curtius and Henkcl (-/. |^r., 1888, (2), 37, 137). The 
acid gives no precipitate of sulphur when treated with potassium hydroxide 
(distinction from pcntathiomc acid). 
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§263. Fentathionic aoid. H,S,0. = 258.366 . 



II II 

H',(S,)"0-»,, H — — 8 — S — S — 8 — S — — H. 
II II 



Only known in the salts and in the solution of the acid in water. It is fonn< 
by the action of HjS upon SO, in the presence of water (a); by the action 
water on sulphur chloride (&); by the decomposition of lead thiosulphate vri 
H,S (Persoz, Pogg., 1865, 124, 257) : 

a. lOHsSO, 4- lOHjS = 2H,S.O, + 5S, -f 18H,0 
6. 10S,C1, -h 12H,0 = 2H,SsO, + 5S, + 20HC1 
The filtrate from the decomposition of SO, by HjS is known as Wackenrodei 
solution (Arch, Pharm., 1826, 48, 140). It has been shown to contain the t 
and tetrathionic acids in addition to the pentathionic acid (Debus, C. A\, 1S€ 
67, 87). Pentathionic acid may be concentrated in a vacuum until it has 
specific gravity of 1.6; farther concentration or boiling heat alone decompose 
it into H2SO4 , SO2 and S . The solution of the acid does not bleach indig 
When treated with a fixed alkali hydroxide an immediate precipitate of sulphi 
is obtained (distinction from H,S4 0e): 4H2S50e + 20NaOH = 6Na,80, • 
4Ka,SaO, -h 3S, 4- 14H,0 (Takamatsu and Smith, J. C, 1880, 37, 592); or if tl 
KaOH be added short of neutralization: IOH3S5O, + 20NaOH = lONajS^O, - 
5Sj| -f- 20H,O . Neutralization of pentathionic acid with barium carbonate gi^r^ 
barium tetrathionate and sulphur (Takamatsu and Smith, J, C, 1882, 41, 16; 
Lewes, J. C, 1881, 39, 68). See also Spring, A., 1879, 199, 97. 
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§265. Snlphnrous anhydride. SO^ == 64.07 . 
Snlphnrons acid. H^SOs = 32.086 . 


I 
*S^0-% and H'.S^^O-'',, = 8 = and H — — S — O — H. 

1. Prop«rtie8.--Sulphurou8 anhydride, SO, , sulphur dioxide, is a colorless gas 
of a HtrouK Buflfocatingr odor of burning sulphur. Specific gravity of the liquid 
at 0**, 1.4338 (Cailletet and Matthias, C. r., 1887, 104, 1563); of the ^as at 0** and 
760 mm. pressure. 2.2309 (Ledue, C. r., 1893, 117, 219). It is liquefied at atmos- 
pheric pressure upon cooling to —10** (Pierre. C. r., 1873, 76, 214). In an open 
dish it evaporates rapidly, the temperature of the remaining liquid dropping 
to —75®; or by evaporating rapidly under diminished pressure it becomes a 
white wooly solid. Cooled to — 76.1® it becomes a snow-white solid (FaradsT, 
C. r., 1861, 53, 846). The dry gns is not combustible in the air, does not react 
acid to litmus, but in presence of water it has a marked acid reaction. The fras and 
the free acid, not the salts, are quite poisonous, due to the absorption of the 
SO, by the blood and oxidation to HsSO^ . The gas is soluble in water, form- 
ing probably sulphurous acid, H3SO, . The pure acid has not been isolated, 
but forms salts mono and dibasic as if derived from such an acid (MichaeUs 
and Wagner, 7?., 1874, 7, 1073). It has a strong odor from vaporization of 
sulphurous anhydride, which is soon completely expelled upon boiling-. The 
acid oxidizes slowly in the air, forming H3SO4 , hence sulphurous acid usually 
gives reactions for sulphuric acid. Light seems to play an important part in 
this oxidation (Loew, Am, S,, 1870, 99, 368). The moist gas or a solution of the 
acid is a strong bleaching agent, however not acting alike in all cases. Wool, 
silk, feathers, sponge, etc., are permanently bleached: also many veisretable sub- 
stances, straw, wood, etc.; yellow colors and chlorophyll are not bleached; red 
roses are temporarily bleached, immersion in dilute H:S04 restoring" the color. 

2. Occurrence. — Found free in volcanic gn.«5cs (Ricciardi, B., 1887, 20, 464). 

3. Formation. — (a) By burning sulphur in air. (h) By heating sulphur with 
various metallic oxides, (c) By decomposition of thiosulphates with SCI. (d) 
By burning HjS or CS3 in air. (e) By the action of hot concentrated sulphuric 
acid on metals, carbon, sulphur, etc. (/) By heating sulphur with sulphates. 
(g) By decomposition of sulphites with acids: 

(a) S. + 20, = 2SO3 

(6) MnO, -h S, = MnS -f- SO, 

2Pb,0, + 5S, = OPbS + 4S0, 

(c) 2Na,S,0, + 4HC1 = 4NaCl + 2S0, -f- S, -f 2H,0 

(d) 2H,S + 30, = 2S0, + 2H,0 
CS, + 30, = 2S0, + CO, 

(c) Cu + 2H,S0« = CuSO, + SO, -f- 2H,0 

S, -f- 4H,S0« = 6S0, + 4H,0 

C + 2H,S0, = 2S0, + CO, -f- 2H,0 
if) FeSO^ + S, = FeS + 280, 
(g) Na,S0, -f- 2H,S0« = 2NaHS04 + SO, -f H,0 

4. Preparation. — (a) By heating moderately concentrated sulphuric acid witli 
copper turnings: Cu -|- 2H,S04 = CuSO^ -\- SO, + 2H,0 . The gas is dried by 
passing through concentrated sulphuric acid. (6) By heating a mixture of 
sulphur and cupric oxide in a hard glass tube, (c) In a Kipp*s generator by 
decomposing cubes composed of three parts calcium sulphite and one part of 
calcium sulphate, with dilute sulphuric acid (Neumann, B., 1887, 20, 1584). 

Preparation of sulphitee.— The sulphites of the ordinary metals are usually 
made by action of sulphurous acid upon the oxides or hydroxides of the metals. 
They are normal, except mercurous, which is acid, and chromium, aluminum 
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and copper, wMch are ba^ic. Sulphurous add precipitates solutions of metals 
of the ftmt and second groups, except copper and cadmmm. 

The sulphites of the alkalis precipitate solutions of the other metals except 
chromium salts; and some normal Bulphites may be made h\ thif^ manner. 
Tlie sulphites of silver* mercury^ copper and ferricum (known only in solution) 
are unstable, the sulphurous acid becomin|f sulphuric at the expense of the 
base, whirh is reduced to a form having a less number of bonds. With the 
unstaVjle siannoUR sulphite the action is the reverse, (See <U,) All sulphites 
by exposure to the air slowly absorb oxygen, and arc partially converted into 
sulphiiti's, 

5. Scluhilities. — One %*o1uine of water at 0* dissolves riS.861 volumes of sul- 
phurous anhydride; at 20*", 36,206 volumes (Carius^ A„ 185^, 94, 148); or at 20^, 
0.104 part by weig-ht (Sims, ^. r„ 1SG2, 14, 1). Charcoal absorbs 165 volumes, 
camphor 308 volumes, glacial acetic acid 31B volumes of the gas» Liquid sul- 
phurous anhydride dissolves P , 8 , I , Br and many gases. 

The sulpMtei of the metals of the alkalis are freely soluble in water; the 
normal sulphites of all other metals are insoluble^ or but very Blight ly soluble 
in water. The sulphites of the metals of the alkaline earths, and some others, 
are soluble in solution of siilphuroiis acid, the solution being precipitated on 
boiling. The alkali bases form acid sulphites (bisulphites), which can be 
obtained in the solid state, but evulve svdphurons anhydride* The sulphites 
are insoluble in alcohol. They are decomposed by all acids except carbonic 
and boric, and in some instancesi hydros ulph uric. 

G. Reactions. .4.--Witli metals and their compouEds,— Sulpliiiroiis^ acid 
react.^ with Zn , Fe , Sn, and Cti to form hypus^iUphuroiis acid, H.^SO, 
(SchiitHeoberger, C. n, 1869, SB, 196). With Zn in the presence of HCl 
it is redtjccd to hvdroeulplniric aciil; 3Hii + fJHCl + H,SO., = 3ZnCL -h 
HjS + SH.O . Free sulphuroust acid precipitates golutioni4 of first and 
second group metals except thoj^e of copper and eadmium; solutiona of 
other nietallie ealts are not precipitated owing to the solubility of the 
sulphites in acids. 

Alkali aulphites precipitate solutions of ell other metallie salts. The 
precipitates, mostly white, are soluble in acetic acid. The precipitates 
of Pb , Hg , Ba J Sr , and Ca are n?iially accompanied by sulphates^ dne to 
the fact that soluble sulpliites nearly always contain sulphates (4). 

Solntioii of lead acetate precipitates, from solutions of snlphiteSj Uad 
snlphitf^ PbSO;j , white, easily solnble in dilute nitric acid; and not blacken- 
ing when boiled {distinction from thiosulphate). Solution of silver nitrate 
gives a white precipitate of silver sylphiie, Ag^SO^ , easily soluble in very 
dilute nitric acid or in excess of alkaline sulphite, and tuniiDg dark- 
hrown when boiled, by fonnation of metallic silver and snlphnrie acid. 
Solution of mercurous nitrate with sodium sulpliilc gives a gray precipi- 
tate of metallic mercury. Rolution of mercuric chloride produces no 
change in the cold ; but on boiling, the white fmreurotis ehloride is precipi- 
tated, with formation of sulphuric acid. Still further digestion, with 
sufficient sulphite, reduces the white mercurous chloride to gray metallic 
mercurt^ {§5fl, Ge), 

Solution of ferric chloride gives a red Bohdwn of firric sulphitB^ 
Fe^(SOj)s ; or^ in more concentrated solutions, a tfBUowish prmpiiah of 
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basic ferric sulphite, also formed by addition of alcohol to the red solu- 
tion. The red solution is decolored on boiling; the acid radical reducing 
the basic radical, and forming ferrous sulphate. 

Solution of barium chloride gives a white precipitate of barium sul- 
phite, BaSO, , easily soluble in dilute hydrochloric acid — distinction from 
sulphate, which is undissolved, and should be filtered out. Now, on adding 
to the filtrate nitrohydroohloric acid, a precipitate of barium sulphate 
is obtained— evidence that sulphite has been dissolved by the hydrochloric 
acid: 

BaSO, + 2Ha = BaCl, + H,SO, 

BaCl, + H,80, + CI, + H,0 = BaSO« + 4HC1 

Calcium chloride reacts similar to barium chloride, the precipitate of 
calcium sulphite being less soluble in water than the corresponding sul- 
phate. 

Snlphnrous acid and sulphites are active reducing agents by virtue of 
their capacity for oxidation to sulphuric acid and sulphates. 

The reactions with silver, mercury and ferricum given above illustrate 
the reducing action, and the following should also be noted: 

PbOj becomes lead sulphate. 

As^ forms arsenous and sulphuric acids. 

Sb^ forms Sb'". 

Cu" becomes cuprous sulphate. 

Cr^ forms chromic sulphate. 

Co'" forms cobaltous sulphate. 

Hi'" forms nickel sulphate. 

Un^+n forms manganous sulphate. 

With KnOo in the cold, manganous dithionate, HnSjO^, is formed 
(Gmelin's Hand-bool-, 2, 174). 

With stannous chloride sulphurous acid acts as an oxidizing agent, form- 
ing stannic sulphide and stannic chloride or stannic chloride and hydro- 
sulphuric acid, according to the amount of hydrochloric acid present 
(§71, 6e). 

B. — ^With non-metals and their compounds. — Upon other acids sul- 
phurous acid acts as a reducing agent, except with hypophosphorous, phos- 
phorous, and hydrosulpluiric acids. 

1. H,Fe(CN)« forms H,Fe(CN)« and H,SO, . 

2. HNOo and HNO^ form NO and HoSO^ . 

3. PH, + 2H2SO, = HsPO^ + S2 + 2HoO (Carvazzi, Oazzetta. 1886, 16, 
169). H3PO2 becomes H3PO4 and the SOj is reduced to S , and with excess 
of H,P02 to HjS . H3PO, forms H,PO, and H„S (§253, 6). 

i, HoS forms S from both compounds: 4H2S + 2SO2 = SSj + iRfi . 
See also §263 . 
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5. CI J HCIO , and HCIO^ form hydrochloric and sulphuric acids. 

6. Br formi hydrobromic and sulphuric acids. HBrO^ forms first 
bromine then hydrobramic acid, sulphuric acid in both cases. 

7. I forms hydriodic and sulphuric acids. In presence of hydrochloric 
acid and a barium salt it serves m a means of detecting a sulphite 
mixed with a sulphate and a thiogulphate (Smith, C. N., 1895, 72, 39). 
HlOft forms first iodine then hydriodic acid, sulphuric acid in both cases 

7, I^ttioii. — AcUl sulphites heated in sealed tube to 150^ are deeoinpoBefl 
into sulphates and sulphur (Barbafflia and Gucci, R, IHBO, 13, 2:^35 1 Bert helot, 
A, rft„ 18G4, (4), 1, :^y2). Dry SOa Rt high heat with many tiielalK is deeora- 
poBed, forming- a BUlphide and sulphate or sulphitr (Uhl, R, 18*J0. 23, 2151)* 
Sulphites are deenraposetl by heat into ox i deb and pnlphuroufi anhydride: 
CaSQ, = CaO + SOjj or into sulphates and sulphides: ^iCajSO, = 3Na,S0, + 
Na,S. 

8. Detection. — Free sulphurons acid is detected by its odor and by its 
decolorizing action upon a solution of KHnO^ or I (Htlgerj /. C, 1876^ 
29| 443). The reaction with iodic acid is also employed ag a test for 
sulphurous acid (as well as for iodic), A mixture of iodic acid and starch 
is turned violet to blue by traces of sulphurous acid or eulphitcs in vapor 
or in solution, the color hcLng destroyed by excess of the sulphurous acid 
or the sulphite. Sulphites arc distinguished from snlphates by failure te 
precipitate with BaCl^ in presence of HCl . After removal of the BaSO^ 
by filtration the sulphite is oxidized to sulphate by chlorine water and 
precipitated by the excess of BaCl^ present. 

Normal potassium sulphite, K.^SO;, , is alkaline to litmus but when 
treated with BaCl. gives a neutral solution. The acid sulphite, KHSO^ , 
is neutral to litmus but with B&Cln gives an acid solution: SKHSO^^ + 
BaCl, = BaSO, + eKCl + SO, + H^O (Villier^, C, n, 1887, 104, 1177). 

0. Estimation,— (cr> After concerting into H^SO^ bj HNO« or CI it is preeipi- 
tated by BaCl^ iind wiMpfhed as BaSO^ . (B) The oscidniion is effected by fiisinf» 
with NEiCOfe and KNOj, <«*qual parts). (c> A standard solution of iodine is 
added, and the excess of iodine cletern^ined by a standard solution of Na^S^Oi , 



§266, Sulphuric acid* H.SO^ — 98.08a , 





H',S^'^0-% ,H — — 8 — — H, 



1, Propertlei.— Absolute sulphuric acid, H|SO, , is a colorless oily liquid 
(oil of vitriol): specific irravity, 1.8371 nt ir*^ (Mendelejeff, S., 1S84, 17, 2541). 
Accordinitr to Marignnc (4. P/r., 1853, (t^), 39, 1N4), it beg-inn to boil at about 
290'', ascendinir to X\h° with partial deeoinposition. At temperatures miieb 
below the boiling" point (IGO'*) it vaporizes from open resseli*. giving off heavy, 
white, suffocating vapors, exciting coug-hing- without giving premoD it! on by 
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odor. At ordinary temperature it is non-volatile and inodorous. At low tem- 
peratures it solidifies to a crystalline mass. The freezing point is grreatly 
influenced by the amount of water present. When the acid contains one mole- 
cule of water, H3S0«.H,0 , the melting point is highest, -|-7.5° (Pierre and 
Puchot, A. Ch., 1874, (5), 164). 

H2SO4 is a very strong acid and, because of its high boiling point, 
displaces all the volatile inorganic acids; on the other hand it is displaced, 
when heated above its boiling point, by phosphoric, boric, and silicic acids. 
It is a dibasic acid, forming two series of salts, H'HSO^ and K'sSO^ . It is 
miscible with water in all proportions with production of heat; it abstracts 
water from the air (use in desiccators), and quickly abstracts the elements 
of water from many organic compoiLnds, and leaves their carbon^ a char- 
acteristic charring effect. It dissolves in alcohol, without decomposing it 
— but if in sufficient proportion producing ethylsulphuric acid, HCsH^SO^ . 

Sulphuric anhydride, SO, , is a colorless, fibrous or waxy solid, melting" at 
U.S** (Rebs, A., 1888, 246, 379), boiling at 46** (Schulz-Sellak, B., 1870, 3, 215), 
and vaporizing" with heavy white fumes in the air at ordinary temperatures. 
It is very deliquescent, and on contact with water combines rapidly, forming 
sulphuric acid with generation of much heat. 

2. Occurrence. — Found free in the spring water of volcanic districts. Found 
combined in gypsum, CaSOf + 2H2O: in heavy spar, BaSO^: in celestine, SrSO«: 
in Epsom salts, MgS04 -f 7HaO; in (Jlauber salt, Na2S04 + 10H,0 . etc. 

3. Formation. — (a) By electrolyzing HjO , using Pt electrodes with pieces of 
S attached (Becquerel, C. r., 1863, 56, 237). (6) By oxidizing S or SO, in presence 
of water by CI , Br , HNO, , etc. (c) By heating S and H5O to 200*. (d) By 
adding H^O to SO,, (e) By passing a mixture of SO, and O over platinum 
sponge and then adding water. 

•i. Preparation. — Industrially, sulphuric acid is made by utilizing the 
SO2 evolved as a by-product in roasting various sulphides — e. g., iron and 
copper pyrites, blende, etc. (a) and (h) ; or by burning sulphur in the air 
to form the SOo . The SOj is passed into a large leaden chamber and 
brought into contact with HNO3 , steam, and air. The HNO, first oxidizes 
a portion of the SOj (c); the steam then reacts upon the NOo , forming 
HNO3 and NO (d). This NO is at once oxidized again by the air to NOg , 
so that theoretically no nitric acid is lost, but all is used over again. 
Practically, traces of it are constantly escaping with the nitrogen intro- 
duced as air, so that a fresh supply of nitric acid is needed to make up for 
this loss. Tlie absolute H2SO4 cannot be made by evaporation or distilla- 
tion; it still contains about two per cent, of water. It may be made by- 
adding to water, or to the H2SO4 containing the two per cent of water, 
a little more SO3 or HoSjOy than would be needed to make H2SO4 ; then 
passing perfectly dry air through it until the excess of SO^ is removed, 
leaving absolute HoSO^ . Pyrosulphuric, or Xordhausen sulphuric acid, 
H2S2O7 , is made by solution of sulphuric acid in sulphuric anhydride (e) ; 
by drying FeSO^ + THjO until it becomes FeSO^ + HoO , and then dis- 
tUling (/). Sulphuric anhydride is made by the action of heat on sodium 
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2ZnS + 30, = 2E11O H- 2S0, 

4FeSi + HO3 =^ 2FejO, + SSOj 

SO, + 2HK0» ^ H.SO* + 2N0, 

3W0, + H,0 = 2H1T0, + NO 

Ha SO, + SO, = H.SaOT 

4FeS0, + HaO =: 2Fe,0, + H,S,0t + 2SO, 

Ka,S,0, ~ Na,SO< + SO. 

H,SO, + P,0, = BHPOm + SO, 



pyrosnlphate, Ha^SaO^ (g), prepared by ht^ating NaHSO^ to dull redness; by 
distilling pyrosulphuric acid, the anbydridc is collected in an ice-cooled 
receiver; by heating H^SO^ with P.O^ (h): 

(a) 

(ft) 

(e) 

(d) 

M 

if) 

is) 
(h) 

Sulphates are made: (a) by dissolving the metals in sulphuric acid; 
{b) by dissolving the oxides or hydroxides; {c) by displacement* All salts 
containing volatile aeids are displaced by sulphuric acid and a sulphate 
formed (except the chlorides of mercury)* The excess of acid may gener- 
ally be expelled by evaporation, or the crystals washed with cold water or 
alcohol. The insoluble sulphates are best made by precipitation* 

5. Solmbilitics*— Sulphuric acid is niiscible with water in all proportions; 
the concentrated acid with generation of much heat* Sulphuric acid 
iransposes the mils of nearly all other acidsj fonning sulphates, and either 
acids (as hydrochloric aciti §269, 4) or the products of their decomposi- 
tion { as with chloric acid> §273^ 6). Chlorides of silver, tin, and antimony 
are with difficulty transposed by sulphuric acid, and chlorides of mercury 
not at all Also, at temperatures above about 300° phoephorie and silicic 
aeids (and other acids not volatile at this temperature) transpose Eulphates, 
with vaporization of sulphuric acid* 

The sulphates of Pb , Hg\ Ba , Sr, and Ca are insoluble, those of Hg" 
and Ca sparingly soluble* Sulphuric acid and soluble sulphates precipi- 
tate solutions of the salts of Pb , Hg', Ba , Sr , and Ca ; 'Eg and Ca salts 
incompletely. The metallic sulphates are insoluble in alcohol which pre- 
cipitates them from their moderately concentrated aqueous solutions. 
Alcohol added to solutions of the acid eulphates precipitates the normal 
aulphatesj sulphuric acid remaining in solution: '^KHSO« ^= Ki^SO^ + 
H^SO^ , PbSOj is soluble in a saturated solution of NaCl in the cold, 
depositing after some time crystals of PbCl-, , complete transposition being 
effected, A solution of PbCl^ in ITftCl is not precipitated on addition of 
MJBQ, (Field, /, C*, 1S7^, 25,*57*5)* 

6, Beactions* .4,— With metah and their compounda.^Sulphuric acid, 
dilute, has no action on Pb , Hg , Ag , Cu *, and Bi . Au , Pt , Ir , and Eh 
are not attacked by the acid, dilute or concentrated; other metals are 
attacked by the hot concentrated acid with evolution of SO^ . The fol- 
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lowing metals: Sn , Th , Cd , Al , Fe , Co , Hi , Hn , Zn , Itg , E , and I 

are attacked by the acid of all degrees of concentration; the dilute ai 
the cold concentrated, with evolution of hydrogen ; the hot concentrate 
with evolution of SOj . The degree of concentration and the temper 
ture may be regulated so that the two gases may be evolved in almo 
any desired proportions. A secondary reaction frequently takes plac 
the metal decomposing the SOj forming HjS or a sulphide; and the H. 
decomposing the SO2 with separation of sulphur (Ditte, A. Ch., 1890, (6 
19, 68; Muir and Adie, /. C, 1888, 53, 47). 

Sulphuric acid or soluble sulphates react with soluble bariiun salts 1 
give barium sulphate, white, insoluble in hydrochloric or nitric acids. Th 
insolubility is a distinction from all other acids except selenic and flu< 
silicic. The precipitate formed in the cold is very fine and difficult 1 
separate by filtration; if formed in hot acid solution and then boiled it 
retained by a good filter. In dilute solution for complete precipitatio 
the mixture should stand for some time. Solutions of lead salts ^ve 
white precipitate of lead sulphate not transposed by acids except H2S (5 
soluble in the fixed alkalis. The presence of alcohol makes the precip 
tation quantitative (§57, 9). Solution of calcium salts not too dilute fon 
a white precipitate of calcium sulphate (§188, 5c). 

Dilute sulphuric acid docs not oxidize any of the lower metallic oxide 
The concentrated acid with the aid of heat effects the following changes 

HgsO forms mercuric sulphate, and sulphurous anhydride is evolved. 

SnClj forms, first, sulphurous anhydride, then hydrosulphuric acic 
stannic chloride at the same time being produced. 

Fe" is changed to Fe2(S04)..; by hot concentrated sulphuric acid. 

Mn"+° forms HnS04 and . That is, all compounds of manganes 
having a degree of oxidation above the dyad are reduced to the dyad wit! 
evolution of oxygen. 

Potassium permanganate dissolves in cold concentrated sulphuric acit 
with formation of a green solution of a sulphate of the heptad manganese 
(l[n03)2S0, (§134, be). 

Similarly the hot concentrated acid also reduces Pb^^ to Pb", Co'" t( 
Co", Hi'" to Hi", Fe^i to Fe'", and Cr^i to Cr'", oxygen being- liberatec 
(oxidized) and the metal reduced while the bonds of the SO4 radical arc 
not changed; a sulphate of the metal being produced. 

B, — With non-metals and their compounds. — When dilute sulphuric acic 
transposes the salts of other acids, no other change occurs if the acid set 
free be stable under the conditions of its liberation. In ordinary reactions 
sulphuric acid never acts as a reducing agent. 

1, Many organic acids and other organic compounds are decomposed by 
the hot concentrated acid, the elements of water being abstracted and 
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carbon set free. Continued heating of the carbon with the hot concen- 
trated acid oxidizes it to CO^ with liberation of SO2 , 

H^C^O^ becoraeg CO3 , CO, ynd H^O . The bonds of the H^SO^ remain 
nnehanged. 

K,re(CW), with dilute H,SO, forms HCN : 2K,Fe(CN), + 3H,S0, = 
6HCN + K,rePe(CN), + BKM, . 

CyaEates jire docomposed into CO. and NH^: 2KCN0 + 2K^S0^ + 2UM 
= Km, + (NH,),SO, + 2CO2 , 

TMocyanates are also decomposed by concentrated sulphuric acid, 

£. Nitrites are decomposed with formation of nitric acid and KO : 
6KWO2 + 3H,S0, = 3K,S0, + 2HK0, + 4N0 + 2KJ> . 

3. H^PO^ or hypophoephites are oxidized to phosphoric acid with re- 
duction of the sulphuric acid to siilphtirous acid antl then to sulphun 

^. Sulphur is slowly changed by hot concentrated Rulphuric acid to 
sulphurous acid with reduction of the sulphuric acid to the same com- 
pound. Hydrosmlphuric acid with hot concentrated sulphuric acid is 
oiidized to sulphur with reduction of the sulphuric acid to sulphurous 
acid. Fiirther oxidation may take place as indicated above- 

5. Chlorates arc transposed and then decomposod when treated with 
concentrated sulphuric acid: SKCIO^ + SH^SO^ = 2KHS0, + KCIO^ + 
mOa + H.0 , 

6. HBr forms Br and SOj . No action except in concentrated solution, 

7. HI forms I and SO, . 

7, lotion.— All sulphates fused with a fijced alkali carbonate are 
transposed to carhoTiates (oxide or metal if the carbonate is decomposed 
by the heat used, §228,7) with formation of a fixed alkali sulphate 
(method of analysis of insoluble sulphates). If the sulphate, or any other 
com pound containing sulphur, is fused in the presence of carlxm, as 
fusion with a fixed alkali carbonate on a piece of charcoal, the resulting 
mass contains an alkali sulphide, whichj when moistened, blackens metallic 
silver. 

The sulphates of Cu . Sb , Fe , Hg , Nl ond Sn are completely decompos^ed at 
a red htat: 2F0SO, = Fe:0, + SOj + SO,; ;:CuSO, = 2CiiO + 2S0, + 0, , A 

white heiit decomposes the Bulphates of Al , Cd , Ag , Pb , Mn and Zn * An 
orditiary white heat has no aetioii on the sulphatt-s tif *he iilkiiliH and i^lkaltne 
earths: bvit at the moet intense hent procurablt! the wnlphates of Ba , Ca and 
Sr are changed to oxIdeR; and at the snme temperature K^SO« and NftjSO, are 
completely volatilized, preceded by partial decompfiHitjon, 

Lead sulphate heated in a current of liydruji^en In reduced according to the 
following equation: 2PbB0, + 6H3 =1 Pb + pbS + BO, + t»H,0 , After a 
distlnet interval the remainder of the sulphur is ren^oved as H^S: PbS -f- H^ ^^ 
Pb + H;S (Rodwelh J, C\, 18fi3, 16, 42). rota&»»uni sulphate heated in u 
current of hvdropeo 115 reduced to potassiam acid-sulphide: K^SOi 4- 4H| ^ 
KOH + KHS + :iH:0 (Berthelot, ,4. Ck., Ism (ti), SI, 400). Potassium aeid- 
sulphate, KHSO« . heated to 200* evolves HiSO^ . The sodium acid-sulphate 
decomposea more readily. 
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8. Detection.-^Free sulphurie acid or the soluble Bulphates are detected 
by precipitation in hot hydrochloric acid solution with barium chloride, 
forrning the white, granular, insoluble barium sulphate. 

The sulphates insoluble in water are decomposed for analysis— (Ist) by J 
long boiling with solution of alkali carboEate; and more readih* (2d) by 
fueiou with an alkali carbonate. In both cases there are produced— alkali J 
sidphufes soluble in water, and earhoTiaies soluble by hydrochloric or nitric 
aeid, after removing the sulphate fa). If the fusion be done on charcoal, 
more or less deoxtdation will occur, reducing a part or the whole of the 
sulphate to sulphide (7), and the carbonate to metal (as with lead, §57, 7), 
or leaving the metal as a carbonate or oxide (7^ §§222 find 228). 

o- BaSO, + Ha^COa =Na,SOi (soluble in water) + BaCO, (ssoluble io acid). 

A mixture of H^SO^ and a aiilpliate may be separated by strongs aleohol 
which precitjitates tht5 lattrr. A teat for free mtlithnrw ti^^itl. In diMiinctiott from 
Ruiphfiten^ may be made by the use of cane sugar, na foljows: A Httle of the 
liquid to be tested is concentrated on tJie wiiter-buth; then from two to four 
drops of it are taken on a piece of porcelain, with a small frag-uient of white 
sugar, and evaporated to clrytiess by the water-bath. A greeniBh -hi ark residue 
indicates sulphuric acid. (With the same treatment, hyilroehloric acid g-ives a 
brown isib-black, and nitric acid a ycllow-Urown residue.) A strip of white 
glazed paper, wet ^vith the liqviid tested, by immersing^ it several times at short 
iati^rvals, then dried in the oven at ItW, will be colored black, brown or reddish, 
if the liquid contains as much as 0.2 per cent of sulphuric acid. 

9* Estimation — («) Hy precipitation as barium sulphate ond weig'hiiig^ r^ 
such. The solution slmukl be hot and aciditied with hydrochloric acid, and 
the mixture hhould Vie boiled a few minutes after the addition of the barium 
chloride, (h) By precipitation as barium sulphate with an excess of an hydro- 
chloric acid solution of barium chromate (three per cent hydrochloric acid). 
Add ICH^OBt , fill to a definite Tolumet and filter throug"h a dry filter-paper. 
Transfer an aliquot jiortion to on a7:otometer with H.Oj « and after acidifying, 
determine the oxygen evolved (Banmann. Z. angetP,, IMH, 140) (1244, a4,' !>), 
(r) When present in small amounts in drinking water by a photometric method 
<Hind», a N,, 1896, 73, 285 and 299)- 



§267. Persulphuric acid. HSO^== 97.078 . 

The anhydride, SaO, , was discovered by Bertlielot (C, r,» 1878» 86, 20 and 71)* 
It Is obtained by the action of the silent electric discharge upon a tnixture of 
equal volumes of dry SO, and O , In solution, the acid is obtained by the 
elect rolvsis of concentrated HaSO^: also hy the action of HjOj on concentrated 

At 0° persulphuric anhydride, SjOt , consists of flexible crystalline needles^ 

remaining stable for seyeral days. The solution in water decomposes rapidly; 
more stable w^hen dissolved in concentrated HjSO^ . When heated it deconi- 
poses into SO, and O . With SOj it combiaes to form SO^: S-Ot + SO, =; 3SOj , 
Althoug^h in its reactions It acts as a strong oxidizinR- agent, it is weaker than 
chlorine or ozone; oxalic acid and chromium salts are not o^cidi^ed (Traube, S,, 
1889, 22, 1518, 1528: 1893, 25, 95), Marshall (J, C, 1R91, 60, 771) has prepared a 
number of salts of persulphuric aeid. The potafisinm salt, KSO^ , is prepared 
by electrolysis of a saturated solution of KHSO. with a current of 3 to 3,5 
amperes. It is a white crystalline pow^der, which may be recrystallized from 
hot water with almost no decomposition* Continued heatinjr of the solution 
effects decomposition. The ammonium salt is prepared by electrolysis of a 
saturated solution of ammonium siilphate. It ia soluble in two parts of water 
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and can be purified bj retry stallizfttion if Dot heated above fiO°- The dry salt 
m stable at 100'. With a solution of K^COj it gives an abundant cry st"a! line 
precipitate of KSO,. It is uaed in the cyanide process for the recovery of gold 
(Elbs, Z. amjew., 1897, 195). The potassium EaU, soluble in 56 parts of water at 
0°t appears to be the least soluble salt: it gives no precipitate with other metal- 
lic salts. Suits of ICn'^ , Co" and Fe" are oxidized: KI is rapidly decora posed 
upon warmitiir; organic dyes are slowly bleachrcl: K,re(CN)rt becomes 
KtTeiCN)ti alcohol Is slowly oxidized to aldehydCi rapidly upon warming. 
The barium and lead salts ^are readily soluble in water (distinction from 



§268* Chlorioe. 01^35.45, Valence one, three, four, five, and a^von. 

1, Properties*— i/ofeciiior treight, 70.9. Vapor iltftHitif, 35.8. The molecule con- 
tains two atoms, d- . Under ordinary air pressure it liquifies at — Sa.*)** and 
solidifies at —103° (01sj£e\vski» i/.» lt^84* S, Vil). Under pressure of six atmos* 
pheres it liquefies at u". It is a g-reeuish-yellow, suffocating: ga«» not com- 
bustibJe in oxygen, burns in hydrogen (in suulig^ht combines explosively), 
forming HCl . On cooling- an aqueous solution of the gas to U°, crystals of 
Cl^.tUHjO separate out (Faraday, Quart. Jour, of ibci., ir*23, 15, 71). Chlorine 
when passed into a solution of KOH produces, if cold, KCl and KCIO , if hot, 
KCl and KCIO^ i 2KOH + CI, ^ KCl + KCIO + H,0; tSKOH + :iCl, ^ 3KC1 + 
KCIO, H- 3H3O , Passed into an excess of NH«OH * NH.Cl and N arc formed; 
f^NH.OH + 3Cl, ^ <;NH,C1 + Ni + sH,0: if chlorine be in excess chloride of 
nitrogen is formed: NH.OH + mU = NCI, + 3HCI -f H,0 , The IXCh is one 
of the most dangerous explosives known: hence chlorine should never be passed 
into HH^OH or into a solution of ammonium salts without extreme caution. 
Chlorine bleaches litmus, indipo and most other organic coloring matter. 

The three elements, chlorine* bromine and iodine, resemble each other in 
almost all their properties* reactions and combinations, differing (as do their 
atomic weights, 35.45* 79*95* 12ij.HS) with a regular progressive variation: so 
that their compotmds present themselves to ns as members of progressiva 
series. In several particulars fluorine (atomic weigh t» llKOfj) corresponds to the 
first member of this series. 

Two oxides of chlorine have been isolated; CI5O ^ hypochlorous anhydride 
(5270)* and CIO, * chlorine dioxidt?. The latter is made by the addition of 
H,SO, to KClOi at 0°. It is a yellowish*green gas* condensing at n^ to a red- 
brown liquid. At ^59° it becomes a crystalline solid* resembling K^Cr^O? . It 
may be preserved in the dark, but becomes explosire in the sunlight. 

The most important acids contdning chlorine are diecussed under the 
sections following, Tlioy are; 
Hydrochloric acid, HCl . 
H>7)Och!ornus arid, HCIO . 
Chlorous acid* HCIO, . 
Chloric acid, HCIO, . 
Perchloric ncid. HCIO^ . 

2. Occtirrence,— It ilocs nnt occur free in nature, but its salts are numerous, 
the most abtmdant being IfaCl . 

3, rormation* — (a) By the action of HCl upon higher oxides m indi- 
cated in §269, (LL The uj^iml class-room or laboratory method is illus- 
trated by the following equations: 

MnO, + 4HC1 = MnCl, -f CI, + 2H,0 

MnO, + 2NaCl + :iH,SO. = KnSO, + !;NaHSO, 4- CI, + 2H,0 
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(6) By fusing together NH«N03 and NH^Cl : 4irH«N0, + 2irS4Cl = 5H, + 
CI, -f 12H,0 . (r) By ignition of dry MgCl, in the air: 2MgCl, -f- O, = 2XgO 
-f- 201, (Dewar, J. Soc, Ind„ 1887, 6, 775). (d) Some chlorides are dissociated 
by heat alone: 2AuCl. = 2Au -f 3C1, . 

4. Preparation.— (a) Weldfm*8 process: ttnO, is treated with SCI , and the 
ttnCl, formed is precipitated as MnCOH), by adding Ca(OH), . The Mn(OH), 
is warmed by steam, and air is blown into it, oxidizing it again to MxiO, , and 
by repeating this process the same manganese is used over again. See Lunge 
and Prett (Z. anytic, 1K93, 99) for modification of this method, using* HNO, . 
(6) Deacon's procexs: HCl , mixed with air, is passed over fire-bricks moistened 
with CuCl, and heated to about 440°. The heat first changes the CuGl, to 
CuCl , evolving chlorine; then the oxygen of the air, aided by the SCi . oxi- 
dizes the CuCl to CuCl, . It is not certain that the explanation is correct. 
It is only known that the hydrochloric acid which is passed into the apparatus 
comes out as free chlorine, and that the copper chloride (small in amount) 
does not need renewing, (c) Electrolysis now seems likely to supersede other 
methods where large amounts are needed. 

5. Solubilities. — The maximum solubility of chlorine in water is at 10°. 
At 0® one volume of water dissolves 1.5 volumes of chlorine; at 10** three 
volumes; at 30° 1.8 volumes (Riegel and Walz, J., 1846, 72). Boiling 
completely removes the chlorine from water. 

6. Beactions. A. — With metals and their compounds. — Chlorine is one 
of the most powerful oxidizing agents known, becoming always a chloride 
or hydrochloric acid. All metals are attacked by moist chlorine, forming 
chlorides, many of them combining with vivid incandescence. With per- 
fectly dry chlorine many of the metals are not at all attacked. Sn, 
Sb , and As are rapidly attacked, forming liquid chlorides (Cowper, J. (7., 
1883, 43, 153; Yeley, J. C, 1894, 65, 1). In the presence of acids the 
oxidation of the metal takes place to the same degree as when that metallic 
compound is acted upon by HCl (§269, 6/1); a chloride is formed having 
the same metallic valence that would have resulted from treating the 
oxide or hydroxide with hydrochloric acid, e, g., adding HCl to Co^O, makes 
C0CI2 not C0CI3 , hence adding chlorine to metallic cobalt makes C0CI2 and 
not C0CI3 . In alkaline mixture usually the highest degree of oxidation 
possible is attained, as indicated by the following: 

1. Pb" becomes PbOj and a chloride in alkaline mixture. With PbCl2 > it 
is claimed that the unstable PbCl4 is formed (Sobrero and Selmi, A. Ch,, 
1850, (3), 29, 162; Ditte, A. Ch., 1881, (5), 22, 566). 

2. Hg^ becomes Hg" in acid and in alkaline mixture; also HCl or a 
chloride. 

5. As'" becomes As^ in acid and in alkaline mixture. Some water must 
be present or the reverse action takes place, forming ASCI3 (§269, 6-42). 

If, Sb'" becomes Sb^ and a chloride with acids and alkalis. 

5, Sn" becomes Sn'^ and a chloride with acids and alkalis. 

6. Mo^^~° becomes Mo^' and a chloride with acids and alkalis. 

7. Bi'" becomes Bi^ and a chloride with alkalis only. 

8, Cu' becomes Cu" and a chloride with alkalis and with acids. 
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9. Cr"^ becomes Cr^ and a chloride in alkaline mixture only, 

10. Fe" becomes W" and a chloride with acids and alkalis, but with 
alkalis it is also further oxidized to a ferrate. 

11. Co" beeomes ColOH)^ and a chloride with alkalis only. 

12. Hi" becomes Hi(OH)a and a chloride with alkalis only. 

IB. Mn" beeomfs MnO. and a chloride with alkalis only. See Ditte^ L €,^ 
for formation of MnCl^ > 
B. — With non-metals and their compotrnds* 

1, H,CA in acid mixture: H.C^O, + CL = 200^ + 2HCI , the HX^O, 
must be in exco&s and hot (Gnyard, Bl, 1879, (2), 31, 299); in alkaline 
mixture: K^CaO, + 4K0H J- CL = 2KX0, + J^KCl + 3H,0 . 

HCN becomes CNCl and HCl (Bischoff, B., 1S72, 5, 80). 

HCNS forms NH, . UM^ , CO^ , and other variable products, and HCl 
<Lii'l)it£, .1., 1844, 60, 337). 

H^Fc(CN)« becomes HaFe(CN)fi and MCI ; an excess of CI finally decom^ 
poses the H,,Fe(CH)« . 

2. Chlorine does not appear to have any oxidizing action upon the 
oxides or acids of nitrogen. 

B. Phosphorus and all lower oxidized forms become H.PO^ with forma- 
tion of HCl . 

4. Sulphur and all its lower oxidized forms are oxidized to H^SO^ with 
formation of HCl . In an alkaline Bolution a sulphate and a chloride are 
formed. With H^,Sj S is first deposited, which an excess of CI oxidizes to 
H.SO4 . A sulphide in an alkaline mixture is at once oxidized to a sul- 
phate without apparent intermediate liberation of sulphur. 

5. In alkaline mixture chlorine oxidises cMorites, and hypochloritea to 
chlorates with formation of a chloride: KCIO. + 2K0H + CL = KCIO, 
+ ^KCl + H,0 , With HftOH a h\T>ochlorite is formed if cold, if hot a 
chlorate : 

2NaOH + 01, = KaClO + XaCl + H,0 
fliTaOH + 3C1, ^ NaClO, + 5WaCl + 3H,0 

6. Chlorine does not oxidize bromine in acid mixture, in alkaline mix- 
ture a bromate and a bromide are formed. HBr in acid solution becomes 
frtB hrmnine, in alkaline mixture a hromate; hydrochloric acid or a chloride 
being formed. 

7. Iodine is oxidized to HIO;, in acid mixture, forming HCl ; in an 
alkaline mixture a periodate and a chloride are formed. From hydriodic 
acid or iodideB, iodine i.^ first liberated, followed by further oxidsition as 
indicated above: ?HI + CI, - 2HCI + L ; I. + TiCL + 6H.0 ^ 2HI0, + 
lOHCl ; EI -h 8K0H + 4C1, ^ KIO, + BKCl + 4H,0 , 

By comparing the oxidizing action of CI with that of Br and I, the 
following facts will be observed^ and should be carefully considered^ The 
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elements chlorine, bromine, and iodine have an oxidizing power in reverse 
order of their atomic weights, chlorine being the strongest. That is, if all 
three have the same oxidizing effect, the chlorine acts with the greatest 
rapidity; and in some cases, as with cuprous salts, the chlorine oxidizes 
while the iodine does not. Their hydracids are reducing agents graded 
in the reverse order. If any increase of bonds takes place in presence of 
an acid, by chlorine, bromine or iodine, the same increase always occurs in 
presence of a fixed alkali. But the oxidation frequently goes further in 
presence of a fixed alkali. Thus, with chlorine and potassium hydroxide 
we form PbOj, iri(0H)8, BijOg, Co(OH)3, KjFeO^, and MnO/, which 
cannot be formed in presence of an acid. 

It is very important to remember that those oxides which are formed by 
chlorine, in presence of a fixed alkali, hut not in presence of an acid, are the 
only ones which can he reduced hy hydrochloric acid. And further^ thut this 
reduction proceeds not always to the original form, never proceeding beyond 
that number of bonds capable of being formed in presence of an add. Thus, 
any lead salt, with potassium hydroxide and chlorine, forms PbOj , and 
this treated with hydrochloric acid again forms the lead salt, PbCU . And 
ferrous chloride with potassium hydroxide and chlorine forms KjPeO^ , in 
which iron is a true hexad, and KoFeO^ with hydrochloric acid forms, not 
the ferrous chloride with which we began, but ferric chloride, for it could 
only be oxidized to that point in presence of an acid. 

The above is true for bromine and iodine, as well as for chlorine. 

7. Ignition. — See 1. 

8. Detection. — Free chlorine is recognized by its odor, by its liberation 
of iodine from potassiimi iodide, by its bleaching action upon litmus, 
indigo, etc., and by its action as a powerful oxidizing agent (see above). 

9. Estimation. — (a) It is added to a solution of potassium iodide and the 
liberated iodine determined by standard sodium thiosulphate. (&) It is con- 
verted into a chloride by reducing agents, and estimated by the usual methods 
(§269, 8). 

§269. Hydrochloric Acid. HCl = 36.458 . 

H'Cl-', H— CI. 

1. Properties. — Vapor density, 18.22. At ordinary pressure it liquifies at 
—102°, and solidifies at —112.5° (Olszewski, i/., 1884, 5, 127). At 10° under 
pressure of 40 atmospheres it condenses to a colorless liquid (Faraday, Tt'., 
1845, 155). Critical temperature, 52.3°; critical pressure. 80 atmospheres (Dewar, 
C, 2V., 1885, 51, 27). Dissociated into H and CI at about 1500°, but combines 
again upon cooling (l)eville, C. r., 1805, 60, 317). It is a colorless pas, having- 
an acrid, irritatinfr odor. Headily absorbed by water. The chemically pure 
concentrated acid has usually a specific gravity of 1.20, and contains 39.11 per 
cent HCl (Lunge and Marchlewski, Z. angeic, 1891, 4, 133). The U. S. P. acid 
has a specific prariip of 1.103 at 15° and contains 31.9 per cent HCl . A concen- 
trated solution of HCl gives off gaseous HCl faster than H^O: a dilute solution. 
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giTea off HjO faster than HCl * bs a final result in both cases an acid «/). fft\ 1,1 
distils unchanged at 110* and contains 20. IB per cent HCl (Biiieau, A. Ck., IB43, 

2. Occurrcjice,^Foimd native only in the vicinit3^ of volcanoes. Foond as a 
chloride in many minerals^ sodium chloride being the most abundant, 

3. Fonaation. — (a) All chlorides except those of mercury are trans- 
posed by H^SO^ ; silver chlopde must be heated nearly to the boiling point 
of the K^SO^ before the action begins. Lead, antimony and tin chlorides 
are slowly transposed, 

(b) By the action of sunlight on a mixture of H and CI , or bj heating the 
mixture to 150°. (v) PJatinum black, paUadJum, chareoal, and some other sub- 
stances which rapidly absorb gases will cause the union of the hydrogen and 
the chlorine, (d) When hydrogen is passed over the heated chlorides of the 
most of the metals of the first four groups, the metals are set free and hydro- 
chloric acid is formed, (v) Slowly formed by the action of chlorine upon 
water in the sunlight; rapidly bv its action upon reducing acids such as 
H,C,0, . HH,PO, , H,S, H,SO, /etc:: HH,PO, + 2C1, + 2H,0 = H,PO,+ iHCl . 

Chlorides may be made; (a) By direct union of the elements, mostly 
mthout heat. Whether an ous or if salt is formed depends upon the 
amount of chlorine used, (b) By the action of hydrochloric acid upon the 
corresponding oxides, hydroxides^ carbonates, or sulphites. The solutions 
formed may be evaporated to expel excess of acid. If the chlorides thus 
formed contain water of crystallization it cannot be removed by heat alone, 
for part of the acid is by this means driven off^ and a basic salt remains. 
If the anhydrous chloride is desired, it may always be made by (a), and 
when thus formed may be sublimed without decomposition, (c) Chlorides 
of the first group are best made by precipitation, (d) Metals soluble in 
hydrochloric acid evolve hydrogen and form chlorides. In these eases 
ouSf and not ic^ salts are formed, {e) Many chlorides may be formed by 
bringintr HgCl, in contact with the hot metal 

4. Preparation* — For commercial purposes, made by treating NaCl with 
H,SO, and distilling* 

5. Solnbilitiefi. — Hydrochloric acid (gas) is verj^ soluble in water as 
stated in (1); forming in its solutions of various strengths the hydro- 
chloric acid of commerce. Its combinations with metale, forming chlor- 
ides, are for the most part soluble in water. AgCl and HgCl are insoluble 
in water. PbCI, is only slightly soluble in cold water (^57, 5r), These 
three cMorides constitute the tnt or silver group of metals, and arc pre- 
cipitated from their solutions by hydrochloric acid or soluble chlorides 
(§61). Solutions of lead salts are not precii)itatcd by mercuric cliloridc; 
green chromic chloride is incompletely precipitated and a sulphuric acid 
solution of molybdenum oxychloride not at all by silver nitrate. The chlo- 
rides of Sb"\ Sn", and Bi require the presence of some free acid to keep them 
In solution. AsCl^ , PCl^ , SbClr, , nnd SnCl, are liquids at ordinary tern- 
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perature. The first two are decomposed by water liberating Hd : AsCH, 
+ 3H2O = HjAsO, + 3HC1 . A saturated solution of bismuth nitrate 
is precipitated by HCl as the oxychloride (§76, 6/). Hydrochloric acid 
increases the solubility of the chlorides of Pb , Hg , Ag* , Sb , An , Pt , 
Bi and Cu'; it decreases the solubility of Cd , Cu", Co, Wi , Hn , Th , Ba, 
8r, Ca, Mg, Au, K and NH«. Chlorides of Th, Ba, Va, K and HH^ 
are nearly insoluble in strong HCl (Ditte, C. r., 1881, 92, 242; A. Ch., 
1881, (5), 22, 551; Berthelot, A. Ck, 1881, (5), 23, 86). 

Silver chloride is readily soluble in ammonium hydroxide (separation 
from lead and mercurous chlorides) (§59, Qa); lead chloride is soluble in 
fixed alkali hydroxides (§57, Ga). 

HCl dissolves or transpocJos all insoluble oxalates, carbonates, hypophos- 
phites, phosphates, and sulphites. Sulphides of Fe", Mn, and Zn are 
dissolved readily; those of Pb, Ag, Sb, Sn, Bi, Cu, Cd, Co , and Hi if 
the acid be concentrated; ASoSg and ASoS^ are insoluble in the cold con- 
centrated acid, very slowly soluble in the hot concentrated acid; HgS, 
red, is insoluble; black, very slowly soluble in the hot concentrated acid. 
HgSO^ is only partially transposed by HCl (§58, 6/"), BaSO^ not at all. 
The insoluble sulphates of Pb , Hg', Sr , and Ca are slowly but completely 
dissolved by the hot concentrated acid. Many of the metallic chlorides 
are soluble in alcohol, a few are soluble in ether. 

6. Beactions. — A, — ^With metals and their compounds. — Hydrochloric 
acid acts upon the following metals, forming chlorides with evolution of 
hydrogen : Pb (slowly but completely), Sn , Cu (very slowly), Cd , Fe , Or , 
M, Co, Wi, Mn, Zn, and the metals of the fifth and sixth groups: 
Ag , Hg , As , Sb , Au , Pt , and Bi are insoluble in HCl (Ditte and Metzner, 
A. Oh., 1893, (6), 29, 389). 

The following metallic oxides and hydroxides are acted upon by hydro- 
chloric acid, forming chlorides of the metal without reduction, water be- 
ing the only by-product : Pb" , Ag , Hg , As'" (only with very concentrated 
acid), Sb , Sn , Au'", Pt , Mo^S Bi'", Cu , Cd , Fe , Al , Cr'", Co", Hi", 
Mn", Zn , Ba , Sr , Ca , Mg , K , and Na . The ignited oxides unite with 
HCl more slowly than when freshly precipitated or when dried at 100**. 
Ignited Cr^Og is inpoluhle in HCl ; other ignited oxides, as FeoO., , Al^Oj , 
etc., require very long continued boiling with the HCl to effect solution. 

The following metallic compounds are attacked by hydrochloric acid 
with reduction of the metal and evolution of chlorine: 

1. Pb"+° becomes PbCl, ; no action with a chloride in presence of a 
three per cent solution of acetic acid, while bromine is completely set 
free from a bromide by PbOo in presence of three per cent of acetic acid 
(detection of a chloride in presence of a bromide) (Vortmann, If., 1882, 3, 
510; B., 1887, 15, 1106). 
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£. Aa^ becomes AsClg . (The presence of very concentrated HCl is 
required; Fresenius, Z\, 1862, 1, 443; Smith, J* Am. Soc, 1895, 17, 68*^ 
and T35.) 

3. Bi^ becomes BiCl^ . 

4. Cr^^' becomes CrClg . With KXt^Oj , bromine is completely liberated 
from a bromide in presence of 4 cc. of H^SO^ to 100 cc. of water; The 
chlorine of a chloride is not liberated^ and the bromine may be removed 
by boiling. Test the solution for a chloride (Dechan, J. C, 1B8G, 49, 
693). Dry HCl does not reduce Cr^' but combines with it to form the 
volatile CrO^,Cla , ehlorochromic anhydride (method of detecting a chloride 
in the presence of a bromide), 

5' With the exception of ferrates the salts of iron are not reduced by 
hydrochloric acid. 

6. Co'*+" becomes CoCL . 

7. Ki^^" becomes KiCL . 

5. Mb'''^'* becomes MnCl^ . MaOa with small amoiinta of dilute H^SO^ 
(1-10) may be used to detect a chloride in presence of an iodide or bromide. 
Boiling the mixture removes the iodine first, then the bromine; while the 
chlorine is not set free until considerable H^SO^ has been added (Jones, 
C N., 18R3, 48, 20f>). A mixture of KHSO, and KMnO, completely liber- 
ates the bromine from a bromide in the cold. A chlorirle remains unde- 
composed until warmed. Aspirate off the bromincj warm and collect the 
chlorine (Berghmd, Z., 18^5, 24* 1S4). 

B, — With non-metals and their compomnds* 

1. No reducing action with HX.O^ , HXO, , HON, HCHS. H.FefCN),,, 
and H:,re(CN)^ • 

^^ HNO^ forms chiefly NO and CI. KFO^ forms HO.Cl and CI, or 
HOC! and CI, or merely NO^j and CI . In case excess of HCl if^i used the 
reaction is: 2HKO3 + GHCl = 21^0 + 3CL + 4H,0 (Koninek and Nihotil. 
Z. mwrf/.f ]81)0, 477). Dry HCl gas^ passed into a cold mixture of con- 
centrated H^SO^ and HNO. , reacts accnrdinpr to the following ef|uations; 
2HC1 + 2HFO3 = SHjO + 2H0. + CI3 (Lunge, Z. ant^mK, 1895, 4, 8, 
and 11). 

5. No reducing action with H.S , HJO3 , or H.SO^ , With thiosulphates 
the unstable H-.Sr.0.j is liberated wbich decomposes as follows: "^Na-S,©;, + 
4HCI - 4NaCi + S, + 2S0, + SH,0 . Sulphates of Ag and Hg' are 
completely transposed by HCl, those of Ba, Sr, and Cm not at all, all 
others partially (Presents C. N.. IB:?, 36. Kf)). 

4. With an excess of HCl, hypaphospMtes, phosphites, and. phosphates 
are dissolved or transposed without reduction. 

5. Hypochlofons acid form^ chlorine and water: HCIO + HCl = H^O -^ 



CI, 



CMorie acid forms ClO^, Clj^O^ and CI in varying proportions. 
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but with HCl in excess the following reaction takes place : KCIO3 + 6HC1 
= KCl + 3CI2 + SHjO (Koninck and Nihoul, Z. anorg,, 1890, 481). 

6. EBrOs is decomposed by boiling with HCl, the bromine being set 
free: gKBrO, + 12HC1 = 2KC1 + Br^ + SCl^ + 6HjO (Kaemmerer, 
J. pr,, 1862, 85, 452). 

7. With EIO3, ICI3 and CI arc formed, no action in dilute solutions: 
mo, + 5HC1 = ICI3 + CI, + 3H2O (Ditte, A., 1870, 166, 336). According 
to Bugarsky (Z, anorg., 1895, 10, 387) KHIgOe with dilute H^SO^ does not 
liberate chlorine from a chloride even on boiling (separation from a 
bromide). 

7. Ignition. — The chlorides of metals are, generally, more yolatile than the 
other compounds of the same metals: example, ferric chloride. 

Insoluble chlorides are readily transposed by fusion with sodium carbonate: 
FbCl, + NaaCO, = PbO -f 2NaCl -h CO, . If the carbonate be mixed with 
charcoal, or if the fusion is done on a piece of charcoal, the metal is also 
reduced: 2PbCl, + 2Na,C0, + C = 2Pb + 4NaCl + 3C0, . 

Heated in a bead of microcosmic salt, previously saturated i?«rith copper 
oxide in the inner blow-pipe flame, chlorides impart a blue color to the outer 
flame, due to copper chloride. 

Dry sodium sulphate at 150** is transposed by dry HCl (Colson, C. r., 1897, 
124, 81). Gaseous HCl transposes potassium and sodium sulphates completely 
at a dull-red heat. With the sulphates of the alkaline earths the transposition 
is nearly complete (Hensgen, B., 1876, 9, 1671). The silver halides heated with 
bismuth sulphide on charcoal before the blow-pipe give distinguishing" colored 
incrustations: Agl , bright red; AgBr , deep yellow; AgCl , white (Goldschmidt, 
C. C, 1876, 297), 

8. Detection. — (a) In its soluble compounds, when not in mixtures 
with bromides and iodides, hydrochloric acid is readily detected b}' pre- 
cipitation with solution of silver nitrate, as a white curdy precipitate, 
opalescence if only a trace be present, turning gray on exposure to the 
light. 

The properties of the precipitate of silver chloride are given in §69, be 
and 6/. It is of analytical interest in that it is freely soluble in ammonium 
hydroxide (considerably more freely than the bromide, and far more freely 
than the iodide of silver); soluble in hot, concentrated solution of am- 
monium carbonate (which dissolves traces of bromide, and no iodide of 
silver); insoluble in nitric acid, temporarily soluble in strong hydrochloric 
acid, precipitating again on dilution. It should be observed, that it is 
appreciably soluble in solutions of chlorides. 

(6) A test for traces of free hydrochloric acid, in distinction from metallic 
chlorides, is made by heating the solution with MnO^ , without adding an 
acid, and distilling into a solution of potassium iodide and starch. Larger 
proportions of HCl are more frequently separated by distilling it intact. 

(c) Gaseous hydrochloric acid (formed by adding sulphuric acid to dry 
chlorides, 3a) is readily detected by the white fumes formed when brought 
in contact with ammonia vapor. Also by bringing a stirring rod moist- 
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€Bed with silver nitrate in contact with the hydrochloric acid gas. Con- 
firm by proving the solubility of the white precipitate in ammonium 
hydroxide. 

(d) The reaction with tkromic anhydride is in use as a te&t for hydro- 
chloric acid, more especially in pres?cnce of bromides; 

(a) 2HC1 -f- CrO, ^ CrOjClj (chlorocliromic anhydride) -j- HjO 

(b) 4NaCl + K,Cr,0, + 3H,S0, = 

2GrO,Cl, + 2Na,S0, -f K^SO* + 3H,0 

To obtain a rapid production of the gas, so that it may be recognized 
by its color, the operation may be made as fallows: Boil a mixture of 
solid pot&flginm dichromate and sulphuric aoid^ in an evapo rating-dish 
nntil bright led^ and then add the substance * to be tested, in powder — 
obtained^ if necessan^ by evaporation of the solution. If chlorides are 
present, the chromium dioxydichloride rises instantly as a bright brownish- 
red gas. The disHndwn from bromine requires, however, that the mate- 
rial^ which may be in solution, should be disHHed, by means of a tubulated 
tlask or small retort, the vapors being condensed in a receiver, and neutral- 
ized with an alkali (e and d). The chroma te formed makes a yellow solu- 
tion (bromine, a colorless solution). As conclusive evidence of chlorine, 
the chromate (acidified with acetic acid), with lead acetate, forms a yellow 
precipitate (bromide, a white precipitate^ ii any): 

(r) GrO.Cl, + 2H,0 =^ HXrO, + ZUCl 

(d) CrOjCl, + 4(irH,)0H =: (HH,),CrO, + SJOa^Cl -h 2H,0 

(e) To detect a chloride in the presence of a cyanide or thiocyanate, 
add an excels of silver nitrate, filter and wash. To the moist precipitate 
add a few drops of silver nitrate (§S18, 21) and then several cubic centi- 
meters of concentrated sulphuric aeid and boil for two or three minutes. 
The silver cyanide and thioevanate are completely dissolved with decora- 
position, while the silver chloride is not changed except on Jong continued 
hoiUntj, The student should confirm by tests on known material. 

According to Borchers {C\ N., 1883, 47. 218), to detect a chloride in 
the presence of a cyanide or a thiocyanate add silver nitrate, filter, wash^ 
and boil the precipitate with concentrated nitric acid to complete oxidn- 
tion of the cyanogen compound. See Mann (2f*, 1889, 28, 6G8) for detec- 
tion of a chloride in presence of an alkali thiocyanate by use of CuSO« 
and HaS . 

(/) If a s^olution containing iodides, bromides, and chlorides be boiled 
with Fe.(SOJ^T , all the iodine is liberated nnd may be collected in a 
solution of KI and estimated with standard Ka^SnO^ . The solution should 



* WJth the ehlorldee of merctry no brown fumoa iut& obtained aft theio chlorldea are not 
tT&nspo»if^i1 by the aulphudo acid; and tb© chlorldua uf le^il, »lher, anUmODj-, aad tin wrtj so 
slowly tninifiris<^d that th(* formation of the obmmtum dio.tydlcblorld© mar e»o«pf» 4>bBer\'Etlon. 
Oefur^ tolyln^ upoo this test the abeenoe Qt the above named metala tbould be aaaured* 
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be cooled to about 60** and a slight excess of EHnO^ added. The bromine 
is all liberated and may be collected in NH^OH and estimated as a bromide 
after reduction with SOj . The chloride may now be detected in the 
filtrate and may be estimated by one of the usual methods. Aspiration 
aids the removal of the iodine and bromine (Weiss, C (7., 1885, 634 and 
712; Hart, C. N., 1884, 60, 268). 

(g) Villiers and Fayotte (C. r., 1894, 118, 1152, 1204 and 1413) detect 
a chloride in presence of an iodide and bromide by passing the liberated 
halogens into a solution of aniline in acetic acid (400 cc. of a saturated 
water solution of aniline to 100 cc. of glacial acetic acid) use 3 to 5 cc. 
of this solution for each test. Iodine gives no precipitate; bromine gives 
a white precipitate; and chlorine a black })recipitate. If the bromide be 
present in large excess, add silver nitrate, digest the precipitate with 
ammonium hydroxide, add hydrogen sulphide and test the filtrate as the 
original solution. Liberate the halogen with XMnO^ and HoSO^ . 

(h) Deniges {Bl, 1890, (3), 4, 481; 1891, (3), 6, 66) uses H^SO^ and 
Fc'" to liberate the iodine, and KjCrO^ to liberate the bromine; then 
after boiling off the I and Br he adds KMnO^ to liberate the chlorine. 
The iodine he detects with starch paper, the bromine fumes are absorbed 
on a rod moistened with EOH , which then gives an orange-yellow color 
with aniline. The chlorine he collects as the l)romine and obtains a violet 
color with aniline. 

(i) Dechan (J, C, 1886, 60, 682; 1887, 51, 690) removes iodine of 
iodides by distilling with a concentrated solution of KjCTjO^; then the 
bromine of bromides by adding dilute H2SO4 and again distilling. The 
chloride is precipitated by AgNOg after dilution and addition of HNO., . 

(;) Vortman (3f., 1882, 3, 510; Z., 1886, 25, 172) detects chlorine in 
presence of bromine and iodine as follows: The solution containing the 
halogens combined with the alkali or alkaline earth metals is heated with 
acetic acid and peroxide of lead until the supernatant liquid is colorless 
and has no longer the slightest odor of iodine or bromine; in this way the 
whole of the bromine and part of the iodine are driven off, the remainder 
of the latter remaining as iodate of lead along with the excess of lead 
peroxide. This is filtered off, the precipitate washed with boiling water, 
and the chlorine precipitated from the filtrate bv addition of silver nitrate. 

9. Estimation.— (a) — It is precipitated by AgNO, , washed* and, after igrni- 
tion. weij^hed as AgCl. (h) By a standard solution of AgNO, . A little 
Na2HP0« , or, better, K2CT3O7 , is added to the chloride to show the end of the 
reaction. When enouph AgNO, has been added to combine with the chlorine 
the next addition gives a yellow precipitate with the phosphate, or a red witb 
the chromate. 
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§270. HypochloroES acid* HCIO = 52.458 . 
H'cro-", H — — CI . 

1, Propertiee.— Hypochlorous auhjdrUlo, C1,0 , Is a reddiah-yellow gas^ con- 
densing at about — 20* to a blood-rtd lujuidT which boils at iibout _17^ (Pelou^e, 
A, Ch., 1843, (3), 7, 176)* lUse of temperature eauses decomposition, explo- 
fiively, into chlorine and oxygen (Balard, A. Vh., 18:i4, 57, :;2fj). Moivvutar treUjhf, 
8e.9, Vapof di-mittf, 4:i.r3 at lO"*, Tbe acid, HCIO , has not been isolated, its 
aqueous solution smells like CljO , decomposing^ rapidly, especially in the sun* 
light, into CI and HCIO. . 

2. Occurrence* — Nut found in nature* 

3* Formation*— (r/) By adding chlorine to HgO in the presence of water: 
3HgO + '^Cl, + H,0 — Mg^QCU + 2HC10 (Cariua, A., 1863, 126, VM). {h) By 
adding five per cent nitric acid to calcium hypochloritt! and difitilling at u 
low temperature (Koffer, J.m 187 S, 177, 314). (rj By passing chlorine into the 
sulphatiiH of Mg, Zn , Al , Cu , Ca or ITa: Na^SO, + CI, + H.O = NaHSO, 4- 
NaCl -j- HCIO * {d} By heating a mixture of KC10» and H^C,6, to TO'' (Calvert 
and Davie«, 1, Oft., 1859, (S), 55, 485). 

1* FreparRtlon,— For eommeixial purposes, as a bleaching agent and as a 
disinfectant: used as calcium hypochlorite with calcium chloride, chlorinated 
lime, made by bringing chlorine in contact with calcium hydroxide, without 

heating. Lunge and Schoch (5.. iSST, 20 ^ 1474) give the formula Ca^^F 

to chlorinated lime. Bee also Kraut {A., 1882* 214, 244). Also as Kodlam 
hypochlorite, made by treating sodium hydroxide with chlorine sbort of satu- 
ration in the cold: 2HaOH + CI, = NaClO + IfaCI + H.O . ^The sodium 
hypochlorite-and-chloride — mixed as formed by chlorine in solution of sodium 
hydroxide or scjdium carbonate, or by double decomposition between solution 
Qf the calcium Uypochlorite-and-chloride and solution of sodium carbon a te^s 
pharmacopoeia 1, under the name of solution of chlorinated soda (NaCl*NaClO)- 

5. Solubilities. — Hypochlorites are all soluble in water and are decompo.sed 
hy heating. 

6* Heactlotis.^ — The hypochlorites are all unstable, Tliey are decomposed by 
nearly all acids, including CO.: 2Ca(C10)j + aCO^ = 2CaC0, + 2Cla 4- O'; 
4NaC10 + 4HCI = 4NaGl + 2HaO + 2Cla + 0^ . They are very powerful 
oxidiifiing agents, acting in acid solution as free chlorine, as the above equa- 
tions indicate. Hypochlorites act u^ chlorine in alkaline mixture (§268, Ij) 
(FrcHcnius, Z. omfeir., 1895, 501). 

7* Ignitioo.— All hypochlorites are decomposed by beat; 2KC10 ^ 2KC1 + 0^ , 

B. iHttctlon, — Although silver hypochlorite is soluble in water, it decom* 
poses very quickly, so that on adding silver nitrate to sodium hyjiochhirite 
the final reaction is ub followsr 3Na010 -f UAgNO^ — 2AgCl + AgClO, + 
3NalT0| . When KCIO is shaken with Hg* , yellowish -red Hg.OCl, is formed; 
the other potassium salts of chiorine, »* f., kCl , KCIO, , KClO, and KCIO, , 
have no action upon Hg^ . An indigo solution is decolored by hypochlorites^ 
while KMnO« is not decolored. If arsenous acid be present, the indigo solution 
in not decolored until the arsenous acid is nil oxidised to arsenic acid> 

9. Estimation.^It is estimated as AgCl after reduction with Zn and H.SO, . 
Rosenbaum (Z, angctr^, J8y3, 80) gives a method for estimating the various 
chlorine compounds in chlorinated lime* 



§271, CMorons add, HCIO^ = 68,458 , 
H'Cl ''0-% , H — — CI = , 

1* Properties.— The anhydride, CIjOj , hat^ not l»een isolated and the free acid 
is known only in solution, and this generally contains some HCIO, , It has an 
intense yellow color tiiid is very unstable. 

2, Occurrence*— Neither the acid nor its salts are found in nature. 
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3. Formation. — An impure chlorous acid is said to be formed ivhen KCIO, is 
treated with HNO, and As,0, . C,,H„Oii or C.H, (MiUon, A, Ch., 3843, (3). 7. 
298; Schiel, A., 1859, 109, 318; Carius. A., 1SG6, 140, 317). Chlorites of a number 
of metals have been made by adding the bases to a water solution of the acid; 
also from KCIO3 by transposition. 

4. Preparation. — KCIO, is prepared by adding* an aqueous solution of CIO, of 
known strength to the proper quantity of KOH , and evaporating- in a vacuum. 
The crystals of KCIO, which are formed in the reaction are removed and the 
mother liquor is crystallized from alcohol. 

5. Solubilities. — All chlorites which have been prepared are soluble in water, 
lead and silver chlorites sparingly soluble. 

6. Beactions. — Chlorouc acid or potassium chlorite in dilute acid solution is 
a powerful oxidizing agent, acting similar to chlorine. 

7. Ignition. — Chlorites when heated evolve oxygen and leave a chloride, or 
first a chloride and a chlorate (Brandau, A., 1869, 151, 340). 

8. Detection. — A concentrated solution of a chlorite gives a white precipitate 
with silver nitrate, fairly readily soluble in more water. "KMnO^ is decolored, 
a brown precipitate being formed. A solution of indigo is decolored even in 
presence of arsenous acid (distinction from hypochlorous acid). Chlorites 
when slightly acidulated give a transient amethyst tint to a solution of ferrous 
sulphate. 

9. Estimation. — By reduction to chloride and estimation as such. By meas- 
uring the amount of ferrous iron oxidized to the ferric condition: 4FeSO« -f 
HCIO, -h 2H,S0, = 2Fe,(S0J, + HCl -h 2H,0 . 



§272. CUorine Peroxide. ClOj = 67.45 . 

= 
= 



Cl^O-%, XCl — — C1 = or = 01 = 0*. 



Chlorine peroxide, CIO, , at ordinary temperature, is a dark greenish-yellow 
gas. In concentrated solution it has very much the odor of nitrous' acid. 
Cooled in a mixture of ice and salt it condenses to a bromine-red liquid; and 
in a mixture of solid COj and ether it forms a mass of orange-yellow, brittle 
crystals. When warmed to about 00° it explodes with violence. In direct 
sunlight at ordinary temperature it decomposes slowly into chlorine and 
oxygen, while in the dark it is quite stable. In contact with many substances, 
as phosphorus, sulphur, sugar, ether, turpentine, etc., it explodes at ordinary 
temperature. In moist condition it bleaches blue litmus-paper without pre- 
viously reddening it. 

One volume of water absorbs about 20 volumes of the gas at 4** (Millon, 
A. Cft., 1843, (3), 7, 298). The solution in water contains HCIO, and HCIO, . 

It is prepared by carefully adding KCIO, to cold concentrated H.SO^; the 
mixture is then carefully warmed to 20°, later somewhat higher. The gas is con- 
densed in a tube cooled by a mixture of ice and salt: 3KC10, -h 2H;SO^ = 
2KHSO4 -h KCIO4 + H2O 4- 2CIO2 (Millon, I.e.). It is also made by warming^ 
a mixture of oxalic acid and potassium chlorate. When prepared in this man- 
ner it is mixed with CO,: 2KC10, + 2H2C20« = KoC^O, -f 2H2O -f 2C10, -|- 
2CO2 (Calvert and Davies, A., ]8:)9, 110, 344). It is also formed, mixed with 
chlorine, when KCIO3 is warmed with HCl . HI is oxidized to I; SO, to HsS04 . 
Indigo is bleached even in presence of AsaO, . 

•Pobal,^., 1875, 177,1. 
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§273. Chloric acid, HCIO, = 84.458 , 
H'CP 0-% , H — — CI ^ J 

1, Properties. — A solution of cbloric acid may be evaporated In a vnciium 
uotil its :if}iviftv giuviiy is L2K3 at 14^. The composition is then HClOi.TH^O , 
coBtaiuing 40,1 per cent HClOg (Kai^mmi^rer, I^ogg,, 1809^ 138, dm). Fartljer 
attempts at eoncentration result itt evolution of chlorine ami oxj^^en, forming 
HCIO;: 8HCIO4 = 4HCIO4 + 2H,0 + 30, + 2Cla (Semlias, A. Ch,, imo, 45. 270), 
Its holntion in tlie eold ia odorless and colorless: first reddening- and then 
bleaching Ijtmiis. It is a strong- oxidi/Jng' ag^ent, paper soaked with the acid 
takes? fire on drying. The anhydride, ClaO^ , has not been Isolated. 

2, Occurrencfi, — Does not occur in nature, 

3, Formation,— The free aeiJ niay he formed by adding an estceiifl of HiSiFg 
to a hot solution of KCIO,; the filtrate is evaporated in vacuo, the excess of 
H^SiF^ volatilizes, leaving- the HCIO, . Many chlorates are formed by treating- 
the metallic hydroxides with the free acid. Also by the action of Ba(G10Aja 
upon the sulphate of the metal T^bose chlorate is required; or by the action 
of the chioride of the chlorate needed^ upon a solution of AgClOi * 

4, Preparation. — By addinp H.SO, in molecular proportions to a solution of 
Ba( 0103)3 , Chlorates of the fifth and sixth group metals are prepared by 
passini^ chlorine into the respective bydro^iides dissolved or suspended in water. 
By repeated crystaniiiitjon the chlorate is separated from the chloride which 
is abo formed: 6£0H -^ 3CI3 = 5KC1 + £010, + 3HjO , 

5. Solubilities* — All chlorates are soluble in water, the chlorates of 
Hg J Sn J and Bi require a littlo free acid. Mercurous and ferrout^ chlorates 
are very unstable. Potassium chlorate is the least Boluble of the stable 
metallic chlorates; eoluWo in about 21 parts water at 10° (Blaruz, C, n, 
1891, U2, 1213), 

6. Eeaetions. A. — With metah and their compounds, — Chloric acid 
attacks Mg evolYing hydrogen and forming a chlorate only. With Zb , 
PCj Se, and Cn i^ouie chloride is also formed. With Zn aud H-^SO^ the 
reduction to chloride is complete, and with snodium amalgam no reduction 
whatever (Thorpe, J. €\^ 1873, 26^ 541). With the zinc-copper couple * 
the reduction to a chloride is rapid and complete. The hot concentrated 
acid attacks all metals. With oxidcB or hydroxides the acid form^ chlor- 
ates provided a chlorate of that metal can by any means be formed. Free 
chloric acid is a etrong oxidiiing agent, and if an excess of the reducing 
agent ia used, it is converted into hydrochloric acid, or a chloride. With 
the aid of heat the chloric acid splits up, forming some chlorine and 
oxides of chlorine. 

Hg' forms Hg". 
A»"' forms A«v, 
SV" forms Sb^ 
Sn" forms Sn^. 
Cn' forms Cn". 



•GlftdJtonG anil Trttjc^a eoppei^dno ooupla l» rT^P«re4 b^ treating thin ilno foil with ft I per 
c«nt erilutlon of {Mippf^rHulpUiito until ttLazlnc is covered with u hluuk deiioslt of reduced tx>p- 
per. When washed and dried It Ifl ready lor ute. 
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Cr"' forms Cr^, chromic salts are readily oxidized to chromic acid on 
boiling with ECIO3 and HNO, . 

Fc" forms Fe'" (a distinction from perchloric acid) (Camot, C r., 1896, 
122, 452). 

Mn" forms Mn^, manganous salts are rapidly oxidized to MnOs on warm- 
ing with KCIO3 and HNO, . 

Salts of lead, cobalt, and nickel do not appear to be oxidized on boiling 
with KCIO3 and HNO3 . 

B, — ^With non-metals and their oompounds. 

i, H2C2O4 forms CO2 and varying proportions of CI and HCl . Heat 
.and excess of oxalic acid favors the production of HCl (Gnyard, BLy 1879, 
(2), 31, 299). All oxalates are decomposed, CO2 and a chlorate or chloride 
of the metal being formed. Carbonates are all transposed. 

HCNS forms HjSO^ , HCW , and HCl . 

H^Fe(CN)e first forms H3Fe(CW)3 and HCl ; a great excess of HCIO, 
decomposes the H3Fe(CN)e . 

2, HNO2 forms HNO3 and CI . Nitrites are transposed and oxidized, 
forming chlorates or nitrates of the metal. 

S. PH3 , HH2PO2 , and H3PO3 form H3PO4 and HCl . Hypophosphites 
and phosphites are transposed and then oxidized, H3PO4 and a chlorate or 
a chloride of the metal being produced. 

Jf. S^^-° forms S^^ and HCl ; that is, the sulphur of all compounds 
becomes H2SO4 with formation of HCl . All sulphides, sulphites, thio- 
sulphates, etc., are transposed, forming a chlorate, chloride, or sulphate 
of the metal. 

5. HCl in excess forms only CI and HgO (§269, 6^5). WaCl warmed with 
HCIO3 evolves CI , leaving only WaClO, . 

6. HBr forms Br and HCl . KBr warmed with HCIO3 evolves Br , leav- 
ing only KCIO3 . 

7. I and HI form HlOg and HCl . Soluble iodides form iodic acid or 
an iodate. 

7. Ignition. — All chlorates are resolved by heat into chlorides and 
oxygen : 2KCIO3 = 2KC1 + SOj . Some perchlorato is usually formed as 
an intermediate product: 2KCIO3 = KCIO^ + KCl + O2 (Serullas, A. Ch., 
1830, (2), 45, 270). In presence of various metallic oxides, etc., the 
oxygen is separated more easily, the metallic oxides remaining unchanged. 
With manganese dioxide, the oxygen of potassium chlorate is obtained at 
about 200°; ferric oxide, platinum black, copper oxide, and lead dioxide 
may be used (§242, 3). If chlorates are rapidly ignited some chlorine is 
given off (Spring and Prost, /?/., 1889, (3), 1, 340). When triturated or 
heated with combustible substances, charcoal, organic substances, sulphur, 
sulphites, cyanides, thiosulphates, hypophosphites, reduced iron, etc. — 



§274, 1. 



PERCHLORIC ACID. 



341 



chlorates violmthj explode, owing to their sudden decomposition, and the 
simultaneoiis oxidation of the combustible material. This explosion is 
more violent than with corresponding mLxtures of nitrates. 

Alkali chlorates when fused with an alkali, or an alkali carbonate, and 
a free metal or a lower oxidcu or salt of the metal, generally oxidizes it to 
a higher oxide^ or to a salt having an increased number of bonds; and 
the chlorate is reduced to a chloride^ — 6, ^., Ma^~° becomes Mb^ . That 
isj any compound of manganese having less than six bonds is oxidized tof 
the hexad (a). Cr'^' becomes Crvi (b). Ae^-^ becomes As^ (c). Pb'^-^' 
becomes Pb^^ (dj. W-^ becomes Co"' (e). C^-° becomes C^^ (f). P^"" 
becomes P^ (g). F^ becomes F (h), S^^-^ becomes S^ (i), 
(a) 3Mn^0, + 1BS0H -h 5KC10, = 9K,MnO, + SKCl + DH.O 
(6) 2CrCl, + lONaOH + NaClOj = aNa^CrO^ + TNaCl + 5HjO 
(r) 3 As, + 3CE0H + lOKClO, ^ 12K,AsO. + lOKCl + ISH^O 

(d) aPbtO, + Na,COa + 21TaC10, = OPbO^ + 3HaCl 4- Na,CO» 

(e) eCoCl, + 12K0H H- KClOa ^ ^Co^O^ + 13KC1 + fiH.O 

(f) 3KjC,H,0, + JKCIO, = 5KC1 + 3K,C0^ -f 900^ + ^H.O 

(i?) 3Pb(H,P0,), + ISKOH -h SKCIO, = iPbO, + ( >K,PO, + iKCl + ISH^O 
(ft) Znl, + K,CO, + 2KC10. =t ZnO +, 2KI0, + 2KC1 + CO, 
(i) 3K,S,0, + 12E,C0. + lOKdO, — ISK.SO. + lOKCl + 12C0, 

8. Detectioa, s^^i) Dry chlorates when warmed with concentrated sul- 
phuric acid, detonate evolting yellow fumes: 3KCIO3 + 2M30^ = *iKHSO^ 
+ KCIO4 + 2CIO3 4- H^O' This action is modified by reducing agents; 
some acting rapidly, int-Tease the detonation; others acting slowly, lessen 
it. (&) ZClOa J like HKO^ , decolors indigo solution and gives colors with 
brucine< diphenylamine, paratoluidine, and phenol similar to those fonned 
by HNO3. (e) By ignition a chloride is left: 2KCIO3 = SKCl + 30.. 
(d) It is changed to a chloride by nascent hydrogen; SKCIO^ + (iZn -|- 
^HjSO^ = 6ZeS0, + K.SO, + gHCl + GH^O; or by reducing acids or 
bases: 2KC10, + H,80, + GH.SO, - K^SO, + GH.SO, + 2HCI. The 
resulting HCl is then identified in the usual manner. Chlorides, if origin- 
ally present^ should first be removed by silver nitrate* 

0. Eatlmfttlon*— (a) Reduction to a chloride and estimation as such, (b) Arldi- 
tion nf HCl and ^ and e&timation of the liberated iodine with standard 
Ha,8|0« . 
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H'Cl^O-", , H — — CI = 

^0 

1, Ttop^mm.Sp^fle gravity^ 1J82 at 15**. The anhydrow^ KCIO4 is a eolor- 
lees oily liquid, volatii^ but cafinot be diatilled withotit |jartml decom position, 
often with explosive violence. Only its solution tn water can be saft^ly handl<Hi. 
Paper, charcoal, ether, phosphorus, and many other sub«taDce« wheo brought 



sa 



BROUtSE. 



§274,: 



in contact with the an hydrous acid take fire* The diltjte aeid is very ettable. nnt 
being easily reclucecj (Heri helot. A. CA., 1882, (5), 27; 21-1)* It does not bleach* 
but merely reddens blue litmus paper. 

2. Occurrence. — Kot found in nature, 

X Formation, — (a) By elect roh«ifi of a solution of CI or HCl in water 
(Biche, t\ r., lS5e, 46, 34K). (f^)'KClO, is formed by electrolysis of KCIO, , 
nsiuj^ platinym eleetrodeB fLidoff and TichomirofT, J. C*, 1S83, 44, 149)* (r) 
KGIO, is heated with an excesB of H^SiF* ^ after coolings and filtertog-, the 
filtrate If* carefutly difitilled (Roscoe* J, C\, 1863, 16, 82; J*, 18fi2* ISl, 34iiJ* 
(rf) By treating- the sulphate of the metal, the perchlorate of whieb ifi desin^d, 
with BafClO^), in molecular proportions* (e) By treating the ehloride of the 
metal, the perchlorate of which is desired, with AgClO. in molecular proper 
tions, 

4* Frcparation* — KCIO^ is made by carefully heatipg KCIO, until no more 
oxj'g-en ia evolved; 2KC10, ^ KCl + KCIO^ +0, (T). The residue is dissolved 
in water and upon cooling crystals of KCIO^ separate. The free acid, nearly 
pure* in obtfiiued by cautioualy distilling KGlOi with c<mcentrated SjSO, . 

5. Solubilltiea. — All of the perchloratcs of the ordinary metals are soluble 
in water, and all are dellqueBcent t»3^fept NH.CIO^ KCIO^ , Pb(ClQj )^ and 
HgClO, ( Send las, A. Ch., IB'M, 46» M2). Potassium perchlorate Is soluble in 
142.9 parts of water at 0°* in r>2.ii parts at 25', and in 5 parts at lOO* rMuir. 
€. *V., 1876, 33* IfV)* KC10« \h insoluble in alcohol (distinction from ICaCIO.) 
(Schloessing, ,1, Tft.* 1877, (ri), 11, 5<U). 

6. Reactions — Iron and j^iiie evolve hydrog^en when treated with percbloric 
acid. The acid reacts with the hydroxides of many metals to form per- 
chlorates. It la not reduced by HCl , HNOj * HjS or SO3 , Iodine i& oxidised 
to HIO* with liberation of chlorine: I, + 2HC10^ = 2HXO4 + CU . A solution 
of indigo is not decolored by HCIO^ even after the addition of HCl (dis^ttnetion 
from all other oxy acids of chlorine). It is not reduced by the zinc-copper 
couple (distinction from chlorate). Rodium perchlorate, KaCIO^ , is used as a 
reag^ent to precipitate potaseinn: salta* 

7. Ignition*— Perch lorates strongly ignited evolve oxygen and leave a ehloride 
(§242, 3)* 

B* Betection*— In presence of a bypochlorite, chlorite, chlorate and chloride 
boil thoroughly with HClj the first three ore decomp>Dsed* leaving chloride and 
perchlorate. Remove the chloride with AgNOj.aud fuse the evaporated filtrate 
with Na^CO, , Wssolve the fused muss in water and test for a chloride; its 
presence indicates the previous presence of a perchlorate. 

a. EBtiinatlon..--(o) *4fter being changed to a chloride as indicated above^ it 
ia estimated in the usual manner, {h) It is fused with zinc chloride and the 
amount of chlorine liberated measured by the amount of iodine set free from n 
solution of potassium iodide (separation "from chlorate, chlorides and nitrates), 
(^) KCIO, is heated to 200° with HPO, and KI: the iodine liberated sho^nng- 
the amount of perchlorate present (Gooch and Kreider, Am. S., 1894, 48, 33; and 
1895, 40, 297). 



§275. Bromine. Br = 79M * Valence one and five. 

1, Fropefities Mfdemlar weight, 159,90; vapor deneifu, 80: specifle gruttHw^ 3.li 

at 0**; btjiling pt^lnt, 59.27=^ (Thorpe, J. 0., 18S0, 37, 172)* At —7,2" it becomes 
brown solid (Philipps, ^., 1879. 12, 1421). At ordinary temperaturea bromlxie 
is a brown-red, intensely caustic liqtiid, freely evolving brown vapors* corro- 
sive vapors of a suffocating chlorine-like odor. As a solid it is still darker ia 
color. It reacts with EOH in all respects similar to chlorine (§266, 1)* Indig-o, 
litmus and most other organic coloring matters are bleached. A solutioD of 
starch is colored slightly yellow. 

Bromine decomposeji hydrosnlphnric acid with separation of sulphur, and 
subsequent production of sulphuric acid: changes ferrous to ferric salts, and 
fin presetice of water) acts as a strong oxidizing agent. It displaces iodine 
from iodides, and is displaced frmn bromides by chlorine: its character beingf 
intermediate between that of chlorine and that of iodine. 
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Xo oxides of bromine have, with certainty, been iBolntetl. Tlie welVeKtab- 
lisbed acids are: HydrobromJo, HBr; hypobromoxis* HBrO: bromic, HBrO^ » 

2. Occurrence. — Not found free in nature. As a bromide in sea water, mother 
liquor from salt wella^ mineral springs, and in a few minerals, 

3. Formation — (a) Hydrobromic acid or any soluble brotnide is warmed with 
JInO] and H.&O4 , {b) Any soluble bromide is treated \vith chlorine water 
and the solution warmtd. 

4. Preparation. — The bromine of eommeree is obtained chiefly frt^m the 
mother liquor of the salt worksr (a) By treating^ with MnO, and HaSO^: MgBr. 
+ MuOs + 2H,S0^ — Mfi^O, + m^BO, + Br, + 2H,0 . (t) By leading- a 
current of steam and chlorine into the bottom of a vessel filled with coke, 
into which a stream of the mother liquor flows from above: MgBr^ -h CL ^ 
MgCl, + Br, . (f) By add in r- to the mother liquor a mixture of Mg^tOH)^ » 
suspended in water and saturated with chlorine, rendering acid and distilling- 
in a ctirrent of steam: M^iClOJ^ + tiMgBrj + 12HC1 ^ THgCl^ + fiH^O -f 
eBr, , (d) By electrolysis of the mother liquor at a low temperature and then 
distilling in a current of steam. 

Commercial bromine is freed from chlorine by adding KBr and distillinir. If 
iodine be present it is first removed as Cul . 

5. Solubllltlee, — ^Bromine dissolves in 30 parts of water at 15*^ forminjjr an 
orang-e-yellow solution (Danctr J, C, 1862, 16* 477). Its water solution is 
permanent, but slowly decomposes; 2Br. + 2H,0 = 4HBr + O.^ . Much more 
soluble in HCl , HBr, KBr , BaCl. , SrCl;. , and in many other salts than in 
water. Soluble in carbon disulphide, chloroform, ether and alcohol. Readily 
removed from its solution in water Viy shaking with carbon disnlphide or 
chloroform, imparling- a brown color to the solvent. 



6. EeactioEs. A, — With metal& and their compQimds.^ — Bromine unites 
directly with gold^ pktinum, and all ordinary metals to fonn bromides. 
SilYer salts are precipitated, yellow-white^ as bromide and brornate: 
6AffH0a + aBr^ + mjO — 5AgBr + AgBrOg + 6HH0. . In tbo follow- 
ing metallic compounds the valence of the metal is changed; the bromine 
being reduced to HBr or, if in* alkaline mixture, to a bromide. The reac- 
tion is less violent than with chlorine. 

J. Pb" becomes FbOg m alkaline mixture only. 

£. Hg' becomes Kg" in acid and in alkHline mixture, 

S, Am'** becomes As^ in acid and in alkaline raixt\ire. With AbK^ and 
a eolution of bromine in water H^AsO^ is first fonned^ and if the bromine 
be in excees the final products are H^AsO^ and HBr . 

4. Sb"' becomes Sb^ in acid and in alkaline mixture. 

5. Stt" becomes Sn'^ in acid and in alkaline mixture. 
d. Bi"' becomes BijOs in alkaline mixture only, 

7. Cu' becomes Cm'^ in acid and alkaline mixture. 
^. Cr'" becomes Cr^' in alkaline mixture only, 

9. Fe" becomes Fe'" in acid mizture; in alkaline mixture the iron is 
further nxidissed to a ferrate, HBr or a bromide being formed. 

10. Co'' becomes Co"' in alkaline mixture only. 

11. Hi'* becomes Hi'" in allaline mixture only (Kilpius, J. C, 18T6, 
28, U%Y 
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12. Mn^^"^ becomes Mn^^ in alkaline mixture only. 

B. — ^With non-metalB and their compounds. 

i. H2C2O4 becomes a carbonate and a bromide in alkaline mixture. An 
excess of hot saturated oxalic solution changes Br to HBr . 

HCNS forms, among other products, H2SO4 and a bromide in acid mix- 
ture, and a sulphate and a bromide in alkaline mixture. 

H4Fe(CN)e in acid mixture forms TSL^t{Q!S)f^ and HBr , in alkaline mix- 
ture a ferricyanide and a bromide (Wagner, J. C, 1876, 29, 741). 

2. HNO2 becomes HHOj and HBr if dilute and cold. 

8, VH^ , HH2PO2 and H^POj become H3PO4 and HBr with acids, and a 
phosphate and a bromide in alkaline mixture. P and Br unite to form 
PBrj or PBrj , depending upon relative amounts of the elements present. 
The phosphorus bromides are decomposed by water, forming B^r and 
the corresponding acids of phosphorus. 

4. S**, H2S , H2SO3 , HsSjO., , S^i-n becomes HoSO^ and HBr with acids, 
a sulphate and a bromide in alkaline mixture. 

6, Br does not act as an oxidizing agent upon the compounds of chlorine, 
but may, at low temperatures, combine with chlorine to form a chlorine 
bromide, BrCl (Bornemann, A., 1877, 189, 183). 

6. In alkaline mixture hypobromites by boiling are oxidized to bromates 
with formation of a bromide. 

7. Iodine becomes an iodate and a bromide in alkaline mixture; the 
elements may combine to form the unstable bromiodide, IBr (Bornemann, 
/. c.y HI and iodides form I and HBr , but in alkaline mixture an iodate 
and a bromide are produced. 

7. Igpiition. — Warming' drives off all the bromine from its solutions in water 
or other solvents. Heat favors all reactions with bromine. 

8. Betection. — Bromine is usually detected by shaking its solution in 
water with CSj, which dissolves it with a reddish-yellow color; if present 
in large quantities the color is brown to brownish black. In this case 
a large excess of CSj must be used or a very small portion of the unknown 
taken, in order that the solution be dilute enough for the reddish-yellow 
bromine color to be distinsniishod from the violet color of iodine. 
Ether or chloroform may bo used in<?tead of carbon disulphido, but the 
solution is of a paler yellow. Starch solution gives a yellow color with 
bromine, but the reaction is less delicate than Avith CS^ . 

9. Estimation. — (a) Tlie bromine is made to act upon KI , and the iodine 
which is liberated is estimated by standard solution of NaoSoO, . (h) It is 
estimated by the amonnt of As.O, which it oxidizes in alkaline solution, (c) It 
is converted into HBr by H-S or H^SO, , and then precipitated by AgNO, , 
and weighed as AgBr . 
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§276. Hydrobromic acid, HBr =^80.958. 
H'Br-S H^Br. 

1, "BtoptiTtiBB,— Molecular ttHght^ U9S. Vapor dmiHtp^ 39,1, A colorless gas, 
eonden^efi to a liquid at —69" aud solidities at —73° (Farada>% A.^ 1645, 56, 135). 
Its aqueous solution is colorless and ih not decomposed bj eKpoeure to the 
air. The apcHfic tfmviiy of the saturated tsolution at 0° Is IJtH', contahiing' S2.U2 
per eeut HBr, or very nearly KBr.H.O , If a saturated solution is boiled, 
chiefly HBr is given off, and if a dilute solution is boiled, chiefly HjO is given 
off* until in both cases the remaining' liquid contains 47.38 to 47.86 per cent 
of HBr , its up. ijr. 1.4Kj, its Imilmg point constant at 126% and its composition 
almost exactly HBr.5H.O , which distils aver unclianged. Its vapor density 
of 14.1 agrees with the ealcuJated vapor density of HBr*5HjO . 

2. Occurrence. — Not found free in ijatoret li\ eombmntion as bromides in sea 
water and in some minerals. 

'S. Pormation, — (^0 l^y action of bromine upon phoiiphorus immersed in 
water, the amorphous phoKphoruj; is preferred: P, + lOBr, + KjHjO ;:= 4H,F0^ 
+ 20HBr , [h) By action of H,PO, or H5SO, on KBr (Bertrand, J. C, 1875, 29, 
S77). (r) By transposition of BaBr, by LH>ld diJuie H^SO« added in molecular 
proportions. (<i) By passing a mixture of Br and H over platinism sponge, 
(e) By action of Br on HjPOj . (0 By adding Br to Na.SO^ . 

Metallic bromides are formed: (J) By dirt^et ynion of the elements, but in a 
few casses heat is required to effect the combination. {^) By action of HBr 
upon the metallic oxides, hydroxides and cari>oaHteH. (.1) Many hroroideji are 
formed by action of HBr on the free metal, fms salts and not »c being formed. 
(J) Bromides of the first Rroup are best made by precipitation, {5} Bromides 
of K , Ka , Ba , Sr and Ca are made by the action of bromine on their bydroac- 
ides and subsequent fusion: 

6K0H + .IBr^ = KBrO, + 5KBr + iH.O 
SKBrO. (ignited J = 2KBi? + 30, 

4, Prepaxation*^ — («) HaS is added to a solution of bromine in water until 
the yellow color disa^ears; the solution is then distilled. The first portion 
of the distillate is rejected if it contains HjS, and the latter portion if it con- 
tains H^SO, (Kecoura, C. r., 1890, 110, T84). {b) H,SO^ is added to a concen- 
trated iiolntion of KBr; after txventy-four hours the greater portion of the 
KH80, has crystallized out. The remaining liquor is then distilled. The 
product usnaUy contains tracea of HiSO^, (c) By passing bromine into hot 
paramne (Crismerf B,, lb84, 17, U2). 

5. Solabilities. — Silver and mercurous bromide are insoluble in water, ^ 
lead bromide is sparingly soluble; all other bromides are soluble. Hydro- 
bromic acid and soluble bromides precipitate solutions of the metals of 
the first group^ lead salts incompletely. Lead bromide is less soluble than 
the corresponding chloride. The presence of soluble bromides increases 
the solubility of lead bromide. A small amount of hydfobromic acid 
decreases its solubility, but a larger excess increases it (Ditte, C. r., 1881, 
02, 718). 

In akohoh the alkali bromides are sparingly or slightly soluble; calcium 
bromide, soluble; mercuric bromide, soluble; mereurous bromide, insolu* 
ble. Silver bromide is soluble in NH^OH . 

6. Beactions.— .4.— With metals and their GompoTmds.— Hydrobromie 
acid disi^nlvcs many mctaliU with the fonnation of bromides and evolution 
of hydrogen, e. ^., Pb , Sn , Fe , Al , Co , Ni , Ze , and the metals of the 
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calcium and the alkali groups. It unites with salt forming oxides and 
hydroxides to produce bromides without change of valence: PbO + 2HBr 
= FbBr, -|- H^O. But if the valence of the metal in the oxide or 
hydroxide is such that no corresponding bromide can be formed^ then 
reduction takes place as follows : 

1. Pb^^" becomes PbBr, and Br. 

2. Ab^ becomes As'" and Br . The EBr must be concentrated and in 
excess, and the Aa^ compound merely moistened with water: H^AsOf + 
2HBr = HsAbOs -\- Bra + H,0 . In presence of much water the reverse 
action takes place: HjAbO, + Br, + H^O = H,Ai04 + 2HBr . 

8, Sb^ becomes 8b'" and Br . 

4. Bi^ becomes BiBr, and Br . 

5. Fe^^ becomes Fe'" and not Fe" , and Br . 

6. Cr^ becomes CrBrj and Br (a separation from a chloride if the solu- 
tion be dilute) (P'riedheim and Meyer, Z. anorg,, 1891, 1, 407). KBr is not 
decomposed by a boiling concentrated solution of K^Or^Oj (separation 
from KI) (Dechan, J. C, 1887, 61, 690). 

7. Co"+° becomes CoBrj and Br . 

8. Ni"+'' becomes NiBrj and Br . 

9. Mn"+° becomes VLdBt^ and Br (§269, 8; Jannasch and Aschoff, Z, 
anorg., 1891, 1, 144 and 245). KUnO^ liberates all the bromine from KBr 
in presence of CUSO4 (a separation of bromide from chloride (Baubigny 
and Eivals, C. r., 1897, 124, 859 and 954). 

Silver nitrate solution precipitates, from solutions of bromides, silver 
Iromide, AgBr, yellowish-white in the light, slowly becoming gray to 
black. The precipitate is insoluble in, and not decomposed by, nitric acid, 
soluble in concentrated aqueous ammonia, nearly insoluble in concentrated 
solution of ammonium carbonate, slightly soluble in excess of alkali 
bromides, soluble in solutions of alkali cyanides and thiosulphates. It is 
slowly decomposed by chlorine. 

Solution of mercurous nitrate precipitates mercurous bromide, Hg^Br, 
yellowish-white, soluble in excess of alkali bromides. 

Solutions of lead salts precipitate, from solutions not very dilute, lead 
bromide, PbBrj , white. 

B. — With non-metals and their compounds. 

1. H3Fe(CN)6 becomes H^Fe(CN)6 and Br . The HBr must be in excess 
and concentrated, also the ferricyanide should be merely moistened with 
water, as in the presence of much water the reverse action takes place: 
2K,Fe(CN)e + Br^ = 2K,Fe(CN)e + 2KBr . 

2. HNO2 > in dilute solutions, no action (distinction from HI) (Gooch and 
Ensign, Am. 8., 1890, 140, 145 and 283). 

HHOa becomes NO and Br . 
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S. Fhosplionis compountis are not reduced* 

Jf. HJO^ becomes SO^ and Br. Both acids must be concentrated and 
hot, otherwise the reverse action takes place; SOg + Btj + "ZKJi -^ H.^SO^ 
+ i^HBr . With H^SO^ , sp. gr. 1*41, ao bromine is set free even whea 
solution is boiled (Feit and Kubiersehky, J. Fharm.t 1891, (o), 24, 159). 
The bromine of bromides is all liberated when warmed to 70^ or 80'' with 
amjiioninm persulphate (separation from a chloride) (Engel, C\ n, 1894, 
118| 1^63). 

5. Chlorine lil>erates bromine from all bromides, even from fused silver 
bromide (Nihoul, Z. angew.y 1891, 441). 

HClOji becomes HCI and Br , If the HCIO^ be concentrated other pro- 
ducts may appear. 

6. HBrO liberates Br from both acids; the saine with K&rO^ . 

7. HIO3 becomes I and Br , 

S. Hydrogen pero^cide liberates the bromine from hydrobromic acid at 
100" (a distinction and separation from chloride). The bromine can best 
be removed by aspiration (Cavazzi, Qazzetia^ 1883, 13, 174)* 

7. Ignition. ^Som<» bromideB can be sublimed undecomposed jn presence of 
air; c.g.^ AaBr, , SbBr, , HgBr and H^Br^ . Some can be sublimed only by 
exclusion of air and moisture; e. £r*» AlBri and NIBFj , Bromides of sodiurn and 
potassium are not changed by heat. Silver brtimide melts undeoom posed. 
Many bromides, however/ are more nr I^bs deeompoj^ed when ip^nited in pres- 
ence of air and moisture; CuBr, becomes CuBr and Br* 

8. Detection.— Bromides are usually oxidized to free bromine, which is 
detected by its physical properties and by its color when dissolved in 
CSa (§275, 5). The oxidizing agent used to liberate the bromine varies 
according to the conditions. Chlorine is more commonly employed and 
acts when cold (QB5). A large excess of chlorine is to be avoided, as it 
decolorizes bromine solutions with formation of a chlorbromide. Nitric 
acid when dilute acts slowly unless hot, H^SO^ , dilute, fails to oxidize 
the HBr even when hot ; hut when concentrated and hot is sonietimea 
preferred. If chlorine be used, the mixture if alkaline must first be 
acidified; othemnsc a colorless bromate will he formcil, free bromine not 
being a visible intermediate etep in the oxidation: KBr + OEOH + 3CL 
= ^rOg + 6KC1 + 3H,0 , If an iodide be present: (a) In absence of a 
chloride precipitate with silver nitratis and digest the precipitate with 
HH.OH, which will dissolve the AgBr and none of the Agl . The filtrnto 
may he treated with H.S> which precipitates the silver as Af .8 , lenvin^^ 
the bromine in the filtrate as NH^Br , which may be detected in the usual 
wav, (b) To the acid mixture add chlorine water and carbon disulphidc^ 
shako and continue the addition of the chlorine water until the violet 
color of the iodine solution disappear?, when the brown color due to the 
bromine may be observed: SKI + 2KBr + 7CL + 6HaO ^ ^HIO, + Br, 
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|278. Bromie scid. HBrO, = 12S.95S . 
H'Br^O-",, H — — Br ~ J 

1, Prap«rtiM# Thft anhydride, Br,Oj , has not been isolated: and the acid, 

HBrO, , \n knrrvrn only in ii^ilntion. It i« a colorless liquid, smelling' like bro- 
inliif. It U a ntrr»rijf oxirllzin^ a^ent. The solution of HBrO, is decomposed 
iiftrMi »»oilhijr, !»"♦ *»>' ♦•vfiponitinff in a vacuum a solution containing about 
r.(f pir t't'ui of th*' M<ir| rn;iy be olitaincd. 

J^. Occurr«nc«. Niiflwr the ncid nor its salts are found in nature. 

;j. Formation, (n) V.y 1».i- Hi-ctrolyHis of HBr (Kiche. C. r., 1S5S. 46, ?.4S). 
(^) f»v fill' drcninpoMltlo'n of AgBfO. by Br: ^AgBrO, -h .'^'Br, + 3H,0 = 5A^Br 
I nrtBrO, . (r) All alUnll bromat«» is made by addinp bromine to a solution 
of fhlnrbn' Iti HtuUum ni.-bonatc (Kncmnierer, ./. f/r., 18G2, 85, 452). 

I. PiPpamilon. MroinntcH of Ba, Sr. Ca, K and Na are made by the action 
i.r brmiiriH* upnti <hi« rrnpiTtlvc hydroxides at 100°: r.KOH + .{Bfj = 5KBr 4- 
XBrO. ♦ :iK-0 . The free neld In prepared by addinp dilute H,SO« in slight 
e<ieeii« (n Ba(torOj«: the wllght excens of H.SO. being removed by the cautious 
MitilMlitti of Bii(OR)i . 
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5. Solubilities. — AgBrO, is soluble in 123 parts of water at 24.5** 
(Noyes, Z. phys, Ch,, 1890, 6, 246). Ba(Br08)2 is soluble in 124 parts of 
water at ordinary temperature and in 24 parts at 100® (Rammelsberg, 
Pogg.y 1841, 52, 81 and 86). With the exception of some basic bromates, 
all other bromates are soluble in water. 

6. Eeactions. — A. — With metals and their compounds. — Bromic acid is 
a powerful oxidizing agent, acting in most respects like free bromine. 
It is usually reduced to hydrobromic acid, soxnetimes only to free bromine : 

i. Hg' becomes Hg" and a bromide. 
2, As"' becomes As^ and a bromide. 
S. Sb'" becomes Sb^ and a bromide. 

4. Sn" becomes Sn^ and a bromide. 

5. Cu' becomes Cu" and a bromide. 

6. Fe" becomes Fe'" and a bromide. 

7. Mn" becomes MnOj and bromine. 

8. Cr'" becomes HjCrO^ and bromine. 

Silver nitrate precipitates in solutions not very dilute, silver hromate, 
AgBrOs , white, sparingly soluble in water, soluble in ammonium hydroxide, 
easily soluble by nitric acid, its color and solubility in ammonium hydroxide 
difPering a little from the bromide (§276, 5). It is decomposed by hydro- 
chloric acid with evolution of bromine — a distinction from bromides and 
from other argentic precipitates. 

B. — With non-metals and their compounds. 

1. H0C2O4 becomes 00^ and Br. An excess of hot H2C2O4 changes the 
Br to HBr (Guyard, 5Z., 1879, (2), 31, 299). 

HCNS becomes HoSO^ , HBr and other products. 

H4Fe(CN)o becomes HaFeCCN)^ and HBr . An excess of HBrO. carries 
the oxidation farther. 

2. HNO2 reduces HBrOs , forming HNO3 and Br . 

3. PH3 , HH0PO2 and HsPOg become HaPO^ and HBr . 

4. S and SO2 become H2SO4 and HBr . 
H^S forms first S then H2SO4 . 

5. HCl becomes CI and Br . 

6. HBr forms Br from both acids. 

7. HI becomes I and Br . With an excess of HBrO, the products are 
HIO3 and Br (Kaemmerer, I c, Wittstein, Z., 1876, 15, 61). 

7. Ignition. — All bromates are decomposed upon heating. KBrO^, 
NaBr03 and CaCBrO^).^ evolve oxygen and leave the bromides. Co(Br03)2 , 
Zn(BrO.,)2 a"d other bromates evolve oxygen and bromine, leaving an oxide. 

8. Detection. — The bromine is first liberated by some reducinir agent 
that does not carry the reduction to the formation of HBr. HjCoO^ is a 
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very suitable agent for this purpose, since it does not change Br to 
except when hot and concentrated. The Br is detected by CS, (§275, 8). 

Sulphuric and nitric acids liberate bromic acid from metallic bromates, 
the HBrOs remaining for some time intact, and the solution colorless. The 
gradual decomposition of the HBrO, is first a resolution into HBr and 0, 
and as fast as HBr is formed it acts with HBrO,, so as to liberate the 
bromine of both acids. Now, if the solution contained bromide as well as 
bromate, an abundance of free bromine is obtained immediately/ upon the 
addition of dilute sulphuric acid in the cold. Hence, if dilute sulphuric 
acid in the dilute cold solution does not color the carbon disulphide, and 
if the addition of solution of pure potassium bromide immediately develops 
the yellow color, while it is found that no other oxidizing agent is present, 
we have corroborative evidence of the presence of a bromate. And, if we 
treat a solution known to contain bromide with dilute sulphuric acid and 
carbon disulphide, and obtain no color, we have conclusive evidence of the 
absence of bromates. Hydrochloric acid transposes bromates and quickly 
decomposes the bromic acid, liberating both bromine and chlorine. 

A mixture of bromaie and iodaie, treated with hydrochloric acid, fur- 
nishes bromine without iodine, coloring carbon disulphide yellow. 

The ignited residue of bromates, in all cases if the ignition be done with 
sodium carbonate, will give the tests for bromides. 

9. Estimation. — The bromate is reduced to free bromine or to a bromide and 
determined as such. 

§279. Iodine. I = 126.85 . Usual valence one, five and seven. 

1. Properties.— Sfpeci/fc gravity, 4.948 at 17° (Gay-Lussac). Melting pointy 
114.2°. Boiling point, 184.35° at 760 mm. pressure (Ramsay and Young, J, C.* 
1886, 49, 453). At ordinary temperature iodine is a soft pray-black crystalline 
solid with a metallic lustre. The thin crystals have a brownish-red appear- 
ance. Precipitated iodine is a brownish-black powder. It vaporizes very 
appreciably at ordinary room temperature with a characteristic odor, and may 
be distilled with steam. The molecule of iodine vapor under about 800° is I^; 
above that temperature dissociation takes place, until at 1700° it is complete 
and the molecule consists of single atoms (Biltz and Meyer, B., 1889, 22, 725). 
The vapor of iodine unmixed with other gases is deep blue, mixed with air 
or other gases it is a beautiful violet. It is sparingly soluble in water to a 
brown or yellowish-brown solution, which slowly bleaches litmus paper. It 
stains the skin yellow-brown. The solution gradually decomposes in the sun- 
light with formation of HI. It reacts similarly to bromine and chlorine, but 
with much less intensity. The free element combines with starch,* forming 
a compound of an intense blue color. This colored body is quite stable in the 
cold: decolors upon warming, the color returning upon cooling. The reaction 
of iodine with starch constitutes a very delicate reaction for the detection of 
the presence of iodine. It also serves as an indicator in the volumetric estima- 
tion of iodine, as all reducing agents destroy the color by taking the iodine 
into combination. Combined iodine does not react with starch. 

•The compound formed when Iodine unites with starch is rcprnrded by Bondonneau {Bl,, ISTT* 
(2), 2S, 452) as an addition compound of the c imposition (CeH,oO»)2l . 
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Colorless solutions are formed hy all the alkali hydroxides with iodine; the 
fixed alkfili hydroxides forming iodides and iodates. With ammonia in water 
Bolution it dissolves more slowly, beeomiag colorless; the solution containis the 
most of the iodine as amttioniiim iodide, and deposits a dark-brown powder, 
termed '* ioditJt' of nitrotjcti" very easily and violently cxphmh^ when dry, 
Aceordingr to Chattaway (Am,, 1900, 24, 138} this eompouud has the composi* 
tion N,H,I, , 

The anhydride of iodic acid, IjOs » is the only stable compound of iodine and 
oxyg-en. The chief acids of ioditte are: Hydriodic acid, HI; iodie acid, HIO,; 
periodic acid. HIO^ , 

Hyi>oiodoiis ni'ia is said to be formed by the action of alcoholic iodine upon 
freshly precipitated mereiirie oxide (Lippmann, C n, 1806^, 63, 9(i8). Lunge and 
Schoche {B.^ 1883* 15. 1^?S3) prepared iodide of lime which seemed to contain 
ealciom hypoiodite, Ca(J0)2 . 

2, Occurrence.— Found free in some mineral waters (U'anklyn, C\ A\, ISSfi, 54, 
300). As iodides and iodutes in sea water (Sonstadi, C. A\, 1873, 25, 196, 231 
and 2-11). In the aahes of aea plants. In small quantitiei in several minerals, 
especially in Chili saltpeter as sodium iodate. 

:l Formation. — From iodides by nearly all oxidizing agents: 2KI + Brj =^ 
2KBt ->- I.: and from iodates by nearly all reducing agents: 2HI0, + SHsCgOt 
= 1, -j- loCOa -h*iH,0. 

4, Preparation. — (lO The ashes of the sea plants are digested in hot water 
and from tht* filtrate most of the salts removed h^^ evaporation and erystalliza* 
tion. The iodides remain in the mother liquor and from this the iodine is 
obtained by treatment with MnO, and HvSO, . {h) The sodium iodate in the 
mother liquor of the Chili saltpeter is redneed with SO. , the iodine preeipitated 
as Cul with CuSOf . From the precipitate the iodine is recovered by distilla- 
tion with MuOj and H,SO^ . By far^ thi- R-reatest portion of the iodine and 
iodides of commerce is obtained from the Chili saltpeter deposits* 

0. Solubilitiea,— It is soluble iii about 550U parts water at 10* to l^"" 
(Wittstem, J,, 1857, 123), difTeriag from CI or Br in that it forms no 
hydrate* It is ninth more soluble in water containing hydriodic acid or 
soluble iodides. From a uonccnt rated solution in KI tho compound KC^ 
has been obtained. Iodine dissolves in very many organic solvents as 
alcohol^ ether, chloroform, glycprol, benzol, carbon disulphidej etc. Car- 
bon disulphide readily removes the iodine from its solution or suspension 
in water: with small amounts of iodine imparting to the carbon disulphide 
a beautiful violet color, with largo amounts the CS^ solution is almost 
black. 

G. Eeactions, — .1. — With metals and their compounds.— It unites tilnwly 
by the aid of lieat with Pb and Ag; more rapidly with Kg^ As^ Sb^ Sn, 
Bi , Cn , Cd , Al , Cr , Fe , Co , Hi , Mn , Zn , Ba , Sr , Ca , Kg , K and Ka . 

In oxidizing metallic compounds the iodine invariably becomes HI or 
an iodide, depending upon whether the mi.xtnre be acid or alkaline. It 
may. however, with certain substances act as a reducing agent, becoming 
oxidized to iodate or periodate. 

1. Hg' becomes Kg"" in acid and in alkaline mixture, 
B. As"' becomes As^ in presence of alkalis only. 

5. Sb"' becomes Sb^ in presence of alkalis only. 
4- Sn" becomes 8n'^ in acid or in alkaline mixtnrep 
S. Ct" becomes Cr^ in presence of alkalis only. 
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6. Pc" becomes Fc"' in presence of alkalis only. 

7. Co" becomes Co'" in presence of alkalis only. 

8. Ni" is not oxidized. 

9. Mn" becomes Mn^ in presence of alkalis only. 
B. — With non-metals and their compounds. 

1. K4re(CN)8 is oxidized, forming KsFe(CN)e and KI, action slow and 
incomplete. 

2. HNOj forms HIO3 and NO . Strong HHOj must be used (at least 
sp. gr. 1.42). Action is slow. A very good method of making HIO, . 

3. HH2FO2 becomes H3FO4 with acids and with alkalis. 

Jf. HjS becomes S and HI; no action if both substances be perfectly dry 
(Skraup, C. C, 1896, i, 469) (separation of H2S from AsHj). According 
to Saint-Gilles {A. Ch,, 1859, (3), 67, 221), in alkaline mixture from six 
to seven per cent of the sulphur is oxidized to a sulphate. 

E2SO3 becomes H2SO4 and HI. With a thiosulphate a tetrathionate is 
formed: 2Na28208 + I2 = Jl^^^fi^ + 2NaI (Pickering, J. C, 1880, 37, 
128). 

5. CI becomes ICl or IClj, depending upon the amount of chlorine 
present, water should be absent. In the presence of water HCl and HIO, 
are formed; in alkaline mixture a chloride and a periodate: I2 + TCU + 
16NaOH = 14NaCl + 2NaI04 + SHgO . HCIO3 forms HIO3 and HCl: 
5HCIO3 + 3I2 + 3H2O = 6HIO3 + 5HC1 . 

6. Br becomes IBr , decomposed by water (Bornemann, A.y 1877, 189, 
183). In alkaline mixture with an excess of Br a bromide and an iodate : 
I2 + 5Br2 + 12K0H = 2KIO3 + lOKBr + 6H2O . HBrOj becomes Br 
andHIOs. 

7. Iodine combines with KI in concentrated solution to form Kl3(KTT2) . 

7. Ignition. — See I. 

8. Betection. — Iodine is recognized by the yellow to black color when 
mixed with water; the violet color when dissolved in carbon disulphide; 
the reddish color when dissolved in chloroform or ether; the blue color 
when added to a cold solution of starch ; the violet color of the vapors, etc. 
The presence of tannin interferes with the usual tests for iodine unless a 
drop or two of ferric chloride solution be added (Tcssier, Z., 1874, 11, 313). 

9. Estimation. — (a) It is reduced to an iodide, precipitated with AgNO, , and 
after drying at 150°, weighed as A^I . It is estimated volumetrically with a 
standard sohition of NajSjO, , using starch as an indicator, (h) The iodine 
dissolved in potassium iodide is treated with an alkaline solution of hydrogfen 
peroxide in an azotometer, the oxygen liberated being a measure of the amount 
of iodine present (Baumann, Z. dngew,, 1891, 204). 
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§280. Hydriodic acid. HI 
HI-" , H ^ I . 
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1. Properties.— i/oirew/ffr tceighl^ 127.B5S. Vfipor dmHtj/^ G,1.937. A colorleBs 
incombustible gtia. At atmospheric pressure Et eoljcJtfiea at —51**, At U"" it 
liquedes under a preeaure of 3.97 atmospheres (Foraday, A, Cft., 1845, (3). 15, 
26U), The constant boiUng- point of the aqueous solution of the gas is 127°, 
which ^solution contains 57 per cent of HI and has a Hficciftr urnriiy nf 1.6D4 
(Hoscae, J, C 1861, 13, 160). Gaseous HI is ilis^oofated by heat, slowly fit 2G0°; 
rapidly at 240* (Lemoine. A. Ch., 1877, {h), 12, 145). Iodine separates 'from the 
water s;olution of the acid when exposed to the air* 

2. Occurrence,— Not found free in nature, but in combination as iodide or 
iodate* 

3. Formation, — {a) By direct union of the elements at a full red heat (Mer^ 
and Holzmann, if., 1889^ 22, 869). {b) By direct union of the elements in pres- 
ence of platinum black at ;iDO° to Am"" (Lemoine. t\ n, 1877. 85, 34). (c) From 
B&I3 by adding* H^^SO, in molecular proportions, {d} By the action of iodine 
upon Na^SO, or Na,S,Og (Mene, (.\ n, 1849, 28, 478), (e) By the action of iodine 
upon moist calcium hy pophosphitei Ga<HiPOs)t 4" -^Ii + 4HjO = CaH4(P0Ji 
-f 8HI tilene, L v.). 

Iodides are formed by the direct action of iodine tjpon the metals; or better, 
by'the action of HI upon the oxides, hydroxides or carbonates of those metaW 
whose iodides are soluble in water. Iodides of lead, silver and mercury'' are 
formed by precipitation. 

4. Preparation.— (>i) By passing^ H,S into a mixture of finely divided iodine 
suspended in water, adding more iodine as fast as the color diaappears: 2l, ^ 
:jH,S ;=: 4HI + S, (Pelia^ri, QazzHUi, 1875, 5, 423). {b) By bringing moist red 
phosphorus in contact %vith iodine: P^ + 101, + ltlH,0 ^ 4H,P04 -f -OHI 
tMeyer,Jjf., 1887, 20, 3381). (c) By passing vapors of iodine into hot liquid 
paruifine (Crismer, B„ 1884, 17, 64»), id) By heating iodine with copaiba oil 
(Bruylants, if., 1879, 12, 2059). It cannot be prepared by adding H^SOt to an 
iodide and distilling (5). 

5. Solubilitiegp — Iodides of lead, silver, mercury and cuprosum are io- 
fioluble. Iodides of othwr ordinary * metals are soluble, those of hismutti, 
tin and antimony requiring a little free acid to hold them in solution. 
Lead iodide Ib sparingiy soluble in water (§fi7, 5c), Mercuric iodide is 
readily soluble in exce:^^ of potassium iodidej forming a double iodide, 
K^Hifl^; most other iodides are more soluble in a solution of potassium 
iodide than in pure water. The iodides of the alkalis, Ba^ Ca and Hg" 
are soluble in alcohol; Hgl and Agl are insoluble. All iodides in solution 
are transposed by HCl or by dilute H^SO^ . Hot concentrated H^SO^ 
decomposes all iodides, those of Fb , Ag and Hg slowly but completely, 
SO, and I being produced: 2KI + 2H^S0, ^ H^SO. + I^ + SO^ + 2H,6 , 
HNOt in excess first transposes then deeoniposes soluble iodides: OKI -\~ 
8HF0, — (>KHO,, + 3Ia + 2N0 + tH,0 . If the HHO:, be concentrated 
the iodine is further oxidized: 31, + lOHNO^ = OHIO, + lOlTO + 2H,0 . 
Long-continued boiling with HITOj, sp, ijr, 1.42, decomposes the insoluble 
iodides. Chlorine in the cold decomposes all soluble iodides, by heatiuf^ 
with chlorine the insoluble iodides are also decomposed: 2KI + Cl^ = 



* Thftiliura iodide, Tl I, le porfectlf Iniolublo In oolrt water, a, distlnctton and fteparatioTi fTOtn 
bTt>mid6« liad i^hlorldes r Huebner, Z,^ 1S7S, lip WTh P^llAdous Iodide ia Inaoluble la water. 
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2KC1 4- ^2' With an excess of chlorine tlie iodine is further oxidized: 
la 4- 5CI2 4- GHjO = 2HIO3 + lOHCl . Silver iodide is almost insoluble 
in ammonium hydroxide or ammonium carbonate (distinction from silver 
chloride). It is soluble in KCN . Agl and Pblj are soluble by decomposi- 
tion in solution of alkali thiosuli)hates: Agl 4- NajSjOg = Nal 4- 
NaAg^oOg . Lead iodide is soluble in a solution of the fixed alkalis. 

G. Eeactions. — .1. — With metals and their compounds. — Silver nitrate 
solution in excess precipitates, from solutions of iodides, silver iodide^ j(^I , 
yellow-white, blackening in the light without appreciable separation of 
iodine. For solubilities see paragraph above. 

Solution of mercuric chloride precipitates the bright, yellowish-red to 
red, mercuric iodide, Hgig . The precipitate redissolves on stirring, after 
slight additions of the mercuric salt, until equivalent proportions are 
reached, when its color deepens. For the solubilities of the precipitate 
see §58, 6/. Solution of mercurous nitrate precipitates mercurous iodide, 
Hgl , yellow to green (§58, G/). 

Solution of lead nitrate or acetate precipitates, from solutions of iodides 
not very dilute, lead iodide, Pblj , bright-yellow — soluble, as stated in full 
in §57, 5c. 

Falladous chloride, PdClg, precipitates, from solutions of iodides, pal- 
ladovs iodide, Pdlj , black, insoluble in water, alcohol or dilute acids, and 
visible in 500,000 parts of solution. The reagent does not precipitate 
bromine at all in moderately dilute solutions, slightly acidulated with HCl . 
Palladous iodide is slightly soluble in excess of the alkali iodides, and is 
soluble in ammonium hydroxide (§106). 

Copper salts precipitate from solutions of iodides cuprous iodide (white) 
mixed with iodine (black) : SCuSO^ + 4KI = 2CuI + 2K2SO4 + I^ . If 
sufficient reducing agents (as sulphurous acid) are present to reduce the 
liberated iodine to HI , only the white cuprous iodide will be precipitated 
(a distinction from bromides and chlorides). 

TVTien metals are attacked by HI an iodide is formed and hydrogen is 
evolved. Ilydriodic acid unites with all metallic oxides and hydroxides 
(expect ignited CrjOj) to form iodides; frequently, however, iodine is 
liberated and an iodide of lower metallic valence is formed: 

1. Pb"+° becomes Pb" . 

2, As^ becomes As'" ; KI has no action upon normal E3ASO4 (Friedheim 
and Meyer, Z. anorg., 1891, 1, 409). 

5. Sbv becomes Sb'" . 

i. Bi^ becomes Bi'" . 

5. Cu" becomes Cn' . Soluble iodides reduce normal cupric salts, but 
have no reducing action in alkaline mixture or upon cupric hydroxide. 
With phenylhydrazine sulphate and cupric sulphate the iodine of iodides is 
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completely precipitated (separation from cblorideB) (Eaikow^ CJl Z,, 1894, 
18, 1661). 

6, Fe'" becomes Fe" (^260, 8). 

7. Cr^' becomes Cr"' . KXrO^ is not reduced by KI even upon boiling 
the concentrated solutions, KjCtjOt with KI slowly gives I and Or"' in 
the cold. When KI is boiled with a concentrated solution of K^Cr^O^ the 
iodine is completely liberated (separation from bromides and chlorides 
which are unchanged): 6KI + SKXr^^O, — SK^CrO, + Cr.O^^ + ^I^ 
(Deehan, J. C, 1886, 60, G82; 1887, 51, 690), When Agl h boiled with 
X.^€tM^ and KSO^ no iodine is evolved, chromium is reduced and the 
iodide becomes silver iodate: KXr^O^ + Agl + SH.SO^ — SKHSO^ + 
Cr,(SO,), + AglO^ + 4H,0 (Maenair, J. C, 1893, 63/l0-51). 

S. Co"+° becomes Co"; KI has no reducing action upon cobaltic hy- 
droxide. 

9. Hi"+'» becomes ITi''; KI reduces Hi'" , liberating iodine, 

1(X lCii"+° becomes Mn* . When KI is boiled with KMnO^ the manga- 
nese becomes MnO^ and the iodide is oxidized to au iodate: OKHnO^ -j- 
3KI + 3H-,0 = 3KIO3 + GHnO^ + 6K0H (Groeger, Z. angcw., 1894, 13 
and 5^) (distinction from bromides, which do not decolor permanganates). 

B, — With non-metals and their compounds. 

1. H^FelCH)^ forms H^Fe(CM')fl and I; the reaction also takes place in 
neutral mixture. 

2. HHO2 forms NO and I (separation of iodide from bromide and 
chloride) (Jannasch and Aschoffj Z. anorg.y 1891, 1, 144 and 245). 

HKO^ forms KO and I , with further oxidations to HIO^ mth concen- 
trated HKOfl , The HFO^ acts much more rapidly than the HNO3 . 

J, No reduction with phosphorous compounds. 

Jf, H^SO^ dilute no action; with the concentrated acid in excess, SO3 and 
I are formed: 2KI + aH^SO^ = I2 + SO3 + :^KHSO, + 2H^0 ; if KI be 
added in excess to boiling H^SO^ , H.^S and I are formed: 8KI -|- OH^SO^ = 
41^ + HjjS + 8KHS0, + 4H^0 (Jackson, J, C, 1883, 43, 339). Ammo^ 
nimn persulphate liberates iodine from iodides at ordinary temperature 
(Engel, e. n, 1894, 118, 1263). 

5, CI in excess forms HCl and HIO^ ; with excess of HI , HCl and I are 
formed. In the presence of a fixed alkali a periodate and a chloride are 
formed: KI + 8K0H + 401^ = 8KC1 + KIO^ + 4H2O, Hypochlorons 
acid oxidizes to iodine, then to iodic in acid solution; in alkaline solution 
to periodate, 

HCIO3 with excesB of HI forms HCl and I; with excess of HCIO3 HCl 
and HIO3 . 

6* Br forms I and HBr or a bromide. 
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HBrO, with excess of HI forms HBr and I ; with excess of HBrO, , Br 
and HIO, . 

7. HIO,, iodine is liberated from both acids: HIO, + SHI = 3Ij -p 
3HsO . HIO^ gives iodine. 

8. H,0, becomes H,0 , and I (§244, 6B6) (Cook, J. C, 1885, 47, 47 1). 

9. Ozone promptly liberates iodine from soluble iodides. Atmospheric 
oxygen decomposes HI and ferrous and calcium iodides slowly, the alkali 
iodides not at alL 

7. IgnitiozL — As a general rule iodides strongly ignited in presence of air 
and moisture evolve iodine, leaving the oxide of the metal. Ignited in absence 
of air or moisture the following iodides are not decomposed: TCT ^ ifal , Bali 
Cal, , Sri, , Mnl, , AH, , SnI, , Pbl, , Agl and Hgl, . See Mitscheriich' (Pogg,[ 
1833, 29, 193), Personne (C. r., 1862, 54, 216) and Gustavson (A,, 1873, 172, 173). 

8. Detection. — The iodide is oxidized to free iodine by one of the re- 
agents mentioned in (6) above. With a dry powder hot concentrated 
H2SO4 is usually employed when the iodine is detected by the violet fumes 
evolved, condensing in the cooler portion of the test tube. With solu- 
tions the usual reagent is chlorine water. The iodine is recognized by 
the violet color when shaken with CSj , or the bright-red color with CHCI3 . 
In case a large amount of iodine be present the CSj solution may be almost 
black. In this case large dilution with C82 is necessary to detect the violet 
color. If but a small amount of iodine be present the chlorine must be 
added very cautiously or the iodide will all be oxidized to the colorless 
iodic acid.* With small amounts of iodide, nitric acid is less liable to 
cause error as relatively much more nitric acid is required to oxidize the 
iodine to iodic acid. For the detection of small amounts of iodide a 
cupric salt strongly acidulated with HCl is an excellent reagent for the 
oxidation: 2CuClo + 2KI = 2CuCl + 2KC1 + I, . 

If insoluble iodides are present they should be transposed by HoS , 
the insoluble sulphide removed by filtration, the excess of HjS removed 
by boiling, and the solution then tested for hydriodic acid. Or the 
insoluble iodide should be reduced by Zn and H2SO4 : 2AgI + Zn -f- HoSO^ 
= 2Ag + ZnSO^ + 2HI . The filtrate may then be tested for hydriodic 
acid. The insoluble iodide may also be fused with 'Ssl^CO.^ , and after 
digestion with water the filtrate acidulated and tested for hydriodic acid. 
That is, the solution must be acidulated before chlorine water is added, 
else the iodine will be oxidized to an iodate or periodate. 

9. Estimation. — Gravimetrically by precipitation as Agl and weigrhinf*- as 
such after g-entle ipnition. Volnmetrically by oxidation to iodine and titration 
with standard NajSaO, (Groger, Z. angcK.\ 1894, 52). 

•To tost potassium bromldo for traces of an Iodide it is recommended to add CS, and cupric 
sulphate or a small amount of ferric alum. Or add chlorine water and then a few crystals rf 
ferrous sulphate ; then shake with CS, (Brito, C. N., 1884, 50, 210\ 
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1. Prop#rtiefl» — Icwiid acid is a wbite crystalline solid; its solution saturated 
at 14" contains Gti.5 per cent ElOg , and has a §pfd/?P gruiH^y of 2.1*J29 (Kaem- 
merer, Pofjff., ISm, 138, 390). At 170^ it loses water, iormiug iodic anhydride, 
IjOj , a white crystalline solid, which, at 300*, dissociates into iodine and 
oxyfren. See Ditte, A. t'A., 1870, (4), 21, 5. It is readily soluble in wafer and 
in alcoliol; the tsolutlons redden litmus and afterwards bleach it. 

2. Occurrence.— The free acid is not found in nature. It is found as GallO,), 
in sea watt'r, and as sodium iodate in Chili saltpeter (Sonstudt, C. A\, 1872, 25^ 
196, 221 mid 241; Guyurd, BL, 1874, (2), 20, 60). 

3. Formation,— («) By dcctrolyzmir a solution of I or HI (Riche, C.r^^ 18S8, 
40, 34S), Ht) By the action of chlorine on iodine in the presence of much 
-water. The HCl formed cannot be expelled by boiling' without decomposing' 
the HlOi . It miKst be removed by the careful nddition of Ag^O « (c) By 
addinp? wfiter to IQU and wai^hin^ with alcohol: 2101^, + :sHjO = HIO^ + 
i>HCl + ICI. (d) KIO, is made by treatingr iodine with KOH: :^Ij H- rKOH = 
KIOj -h "iKI -f aH.O . And then washing with alcohol to remove the Kl . (f) 
By heating' potasBium chlorate and iodine: lOKClO^ -h OIj + 6H,0 =; 4>KHI,0« 
+ 4KC1 + OHCl (HttPsctt, J. r„ ts90, 57* 700), (f) By boilinfT iodine with liarinm 
hydroxide until ncutml, filterincr and decomposing with snlphuric acid (Steven- 
son, r. v., 1ST7, 36, 201), (p) By the action of I upon A^NO,: 5AffN0. + 31, + 
SH,0 = TiAgl + 5HN0, -h HIO, . 

lodates of the alkalis and alkaline earths are easily made by the action of 
iodine on the hydroxides, and separation by alcohol or by crystallization from 
the iodides whit.'h are formed in the reaction. All lodates may be made by 
action of the acid on the hydroxides or carbonates. i 

4. Preparation,— (r/) Iodine Is oxidized by boiling- with nitric acid sp. gr. » 
1.52, and removing the excess of the nitric acid by evaporation. (6) By adding' 

a slight excess of H^SO^ to BaCiO,)! and removal of the excess of HaSO* by | 

the careful addition of BaflO^)^. (r) By boiling a solution of piitasf^ium 
iodide with an excess of potass jam permangaimte in neutral or alkaline solu- 
tion: KI + 2KM11O, + H3O = KIOj + 2K0H + 2Mn Og (G roger, Z. an^vw,^ 
1804, 13 and 52). [d) The verj' stable potassium biiodate, KHI^Oa , is formed hy 
recryatatlizing a water solution of equal portions of KIO| and HIO, , It is 
soluble in 18,G"C> parts water at 17' (Meineke, A., 1691, 281, 359). 

5, Solubilities. — Ba(IOa). is soluble in about 3000 parts water at ordi- 
nary temperattire; aed in about 600 parts at 100* (Kremers, Pogg,, 1851, 
84, 27; Spica, GazztUa, 1804, 24, i, 91). AglOg is soluble in 27,700 parts 
of water at 1^5°; in 2.1 parts NH^OH (lU per cent) at 25* (scparatioo from 
silver iodide); in 1044,3 parts HNO^, sp. gr, 1.21 at 25* (Longi, GazzeUa, 
1883, IS, 87). Tbe iodates of Ag , Ba , Pb , Hg , Sn , Bi , Cd , Fc and Cr 
require at 15° more than 500 parts of ^ater for their solution and the 
following require loss : Cn , Al , Go , Ni , Mn , Zn , Sr , Ca , Mg , K and Ha . 
They are all transposed by conuetitrnted HNO^ or H.^SO^; and are decom- 
posed by concentrated HCl . They are solulile in the alkalis in so far as 
the corresponding metallic oxides are soluble in those reagents. Most 
of tbe iodates are insoluble in alcohol (with K, Ha, Ba and Ca iodates a 
separation from iodides), 

6. Reactions,— . 1 . — With the metals and their compoundft. — ^A few metals 
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are attacked eYolying hydrogen, forming iodates, sometimes traces of 
iodides. With the following metallic compounds the valence of the metal 
is changed: 

1. ha!" becomes Ai^ with liberation of iodine. AaH, in excess forms 
Ai^ , with the HIO, in excess Ai^' (Ditte, A., 1870, 166, 336). 

2. Sb'" becomes 8b^ with liberation of iodine. ShH, forms Sb** . 
B. Sn" becomes Sn'^ and HI . 

k* Cu' becomes Cu" with liberation of iodine. 

6. Fe" becomes Fe'" with liberation of iodine. 

Solution of silver nitrate precipitates, from even very dilate solutions of 
iodates and from solutions of iodic acid if not very dilute^ silver iodaU, 
AglOj , white, cr}'8tatline, soluble in ammonium hydroxide, soluble in an 
excess of hot HNO, . In the ammoniacal solution, hydroaulplinric acid 
forms silver sulphide, sulphur and ammonium iodide. 

Barium chloride precipitates barium iodate, 1^(10^^, slightly soluble 
in cold, more soluble in hot water, insoluble in alcohol, soluble in 
hot dilute nitric acid, readily soluble in cold dilute hydrochloric acid. 
Hence, dilute solutions of free iodic acid should either be neutralized or 
tested with barium nitrate. This precipitate, by addition of alcohol, is a 
complete separation from iodides, and, when well washed, decomposed with 
a very little sulphurous acid (8), and found to color carbon disulphide 
violet, its evidence for iodic acid is conclusive. Barium iodate is trans- 
posed by ammonium carbonate. 

Salts of lead give a white precipitate of lead iodate, Pb(I08)j . Ferric 
chloride gives, in solutions not dilute, a yellowish-white precipitate of 
ferric iodate, Fe(I08)3, sparingly soluble in water, and freely soluble in 
excess of the reagent. Boiling decomposes it. 

Alcohol precipitates potassium iodate from water solution, an approxi- 
mate separation from iodide. 

B. — With non-metals and their compounds. 

1. H2C2O4 becomes CO2 and I . Action is slow unless solutions are hot- 
Carbon (except diamond) heated in sealed tubes becomes COj with sepa- 
ration of I (Ditte, I. c). 

H,Fe(CN)e becomes TL^tiCS)^ and I . 

HCNS forms HoSO^ , I and some other products. 

2. HNO2 becomes HNO3 and I . 

8. PH3 becomes H3PO4 and I . With an excess of PH3 , HI is formed. 
Water in which phosphorus has stood reduces iodic acid to iodine (Corne, 
J. Pharm., 1878, (4), 28, 386). 

HH2PO2 becomes H3PO4 and I . 

Jf, H2S becomes S and I . Thiosulphates form first iodine then an iodide. 
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H2SO3 , with excess of HIO^ , becomes HgSO^ and I; with excess of H3SO3 ^ 
HgSO^ and HI . 

5. HCl J if concentrated, forms ICI5 and CI , iodine not being liberated. 

6*. HBr forms Br and I , 

7, HI forms I from both acids* The addition of tartaric acid to a mix- 
ture of KI and KIO3 is snfficient to give an immediate test for free iodine 
with CSj . It must be remembered that an iodide alone rendered acid will 
give a test for free iodine after a short time, 

S. Morphine reduces iodic acid with separation of iodine- 

7, Ignition. — Potassium and sodium iodates on ignition form iodides 
and evolve oxygen (Cook, J, C*, 1894^ 85, 802). Many other iodates evolve 
oxygen but the iodide formed is further decomposed as stated in §275, 7- 

Iodates in dry mixiure with combustible bodies are reduced^ on heating 
or concussion, with detonation^ but much less violently than chlorates op 
nitrates. 

8, Detection.— It is usually detected, after acidulation, by treatment 
with some reducing agent for the formation of free iodine. H^SO^ is 
often employed because it acts rapidly and in the cold; but traces of HIO^ 
frequently escape detection for the least excess of H^SO^ at once reduces 
the iodine to colorless hydriodic acid. A desirable reagent for this reduc- 
tion is one that will act rapidly in the cold, and in no case cause the 
further reduction to hydriodic acid. The following reducing agents have 
been used ; K^VelCN)^ acidulated with dilute H^SO^ , H^AsO^j , CuCl , FeSO, , 
morphine sulphate and nric acid. To detect KIO., iu KI it is recom- 
mended by Schering (J. C, 1873, 26, 191) to add a crystal of tartaric 
acid to the solution. The formation of a yellow zone is indicative of an 
iodate. Hydrochloric acid may be used, but if it contains a trace of 
chlorine it will give the test for an iodate. Iodine frequently occurs in 
nitric acid as iodic acirl, Hilzer (J. C, 1S76, 29* 442) directs to add equal 
volumes of water, carbon disulphide, and then coarse zinc filing. It may 
be necessary to wann the solution slightly. Biltz (C, C, 1877, 86) dilutes 
the HNO^ with water, adds gtareh solution nnd then H^S solution drop 
by drop. A blue zone is formed if 'BIO^ be present. 

0. EBtlmatioB.— f^j) By prM'Ipitfltlon with A^HO, , and afler dryiTiir at lOO** 
weip-hinfT ns A^IO^,. (h) By rpdiirlnir to nn iodide and estimatinfr fin ?^nrh. 
(r) By treatinpr tvHh KI nddiilated with H^SO. , and titrating the iodine lib- 
erated with standard Na^S,0, , 
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§282. Periodic acid. HIO« = 191.858 . 
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The anhydride, IjOt , has not been isolated, and but one acid is known in the 
free condition, HI0«,2H,0 or HsIO« . This acid exists in colorless monoclinic 
crystals, which do not lose water at 100**. It melts at 133**, and at a 
higher temperature it decomposes into iodic anhydride, water and oxyg-en 
(Kimmins, J, C, 1887, 61, 356; and 1889, 66, 148). 'Numerous periodates 'have 
bee n prepared as if derived from one or the other following named acids: 

(Rammelsberg, Poyg., 1865, 134, 368, 499). 

The free periodic acid, HbIO« , is prepared: (a) By oxidizing iodine with per- 
chloric acid: 2HC10« + Ij + 4HjO = 2H5lO« -f- CI, (Kaemmerer, Pogg,^ 1869, 
138, 406). (h) By heating iodine or barium iodide with a mixture of barium 
oxide and barium peroxide, digesting with water, and transposing- the 
Bas(IOa), thus obtained with the calculated amount of sulphuric acid (Ram- 
melsberg, Pogg,^ 1809, 137, 305). (r) By conducting chlorine into sodium iodate 
in presence of sodium hydroxide: NalO, -f- 3NaOH -f CI, = Na,H,IO« -f 
2NaCl . This acid periodate dissolved in water with a little nitric acid and 
then precipitated with silver nitrate, forms the silver salt, Ag,H,IO« . This 
precipitate is dissolved in nitric acid and evaporated on the water-bath, when 
orange-colored crystals of silver meta periodate are formed according* to the 
following: 2Ag,H3'lO« + 2HN0, = 2AgI04 -f 2AgN0, -f 4H,0 . Water decom- 
poses this precipitate: 2AgI04 + 4H2O = HalOe -f- AgsH.IO, . Or the silver 
periodate, AgI04 , is decomposed by CI or Br (Kaemmerer, I. c, p. 390). 

The silver salts vary in color: AglO^ is orange; Ag2HIOs , dark brown; 
Ag^IoOa , chocolate colored; while silver iodate is white (a distinction). In the 
general reactions periodic acid and periodates resemble iodic acid and iodates. 

HsC.O« becomes COj and I . 

H.PO. becomes H,PO, and HI . 

HjS becomes S and HI . 

HjSOa becomes H2SO4 and HIO, without separation of iodine when the two 
acids are present in molecular proportions. The presence of a greater pro- 
portion of H^SO, causes, first, separation of iodine with final complete reduc- 
tion to HI (Selmous, i?., 1S8S, 21, 230): 

HIO4 + H2SO, = HIO, 4- H2SO4 
3HIO4 4- 8H2SO, = HIO, -f- I, 4- 8H2SO4 + HaO 
2HIO4 -f- 7H,S0, = I, -f- 7H2SO4 -f H,0 
HIO4 4- 4H,S0, = HI 4- 4H,S04 

HCl becomes CI and ICl, 

HI forms I from both acids. 

According to Lautsch (./. pr., 1867, 100, 86), its behavior with mercurous 
nitrate is characteristic. The pentasodic periodate, NasIOg , gives a light- 
yellow precipitate, HgftIO« . 
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PART IV.-SYSTEMATIC EXAMINATIONS. 



EEMOVAL OF ORGANIC SUBSTANCES. 

§284. The methods of inorganic analysis do not provide against interference 
by organic compounds; and, in general, it is impossible to conduct inorganic 
analysis in material containing organic bodies. The removal of the latter can 
be effected, 1st, by combustion at a red or white heat, with or without oxidiz- 
ing reagents; 2d (in part), by oxidation with potassium chlorate and hydro- 
chloric acid on the water-bath (§69, 6'ei); 3d, by oxidation with nitric acid in 
presence of sulphuric acid, at a final temperature of the boiling point of the 
latter (§79, 6'cJ); 4th, by solvents of certain classes of organic substances; 
5th, by dialysis. These operations are conducted as follow?: 

§285. Combuation at a red or white heat, of course, excludes analysis for mer- 
cury, arsenous and antimonous bodies (except as provided in 570, 7), and 
ammonium. The last-named constituent can be identified from a portion of the 
material in presence of the organic matter (§207. 3). If chlorides are present 
some iron will be lost at temperatures above 100**, and potassium and sodium 
waste notably at a white heat, and slightly at a full red heat. Certain acids 
will be expelled, and oxidizing agents reduced. 

The material is thoroughly dried and then heated in a porcelain or platinum 
crucible, at first gently. It will blacken, by separation of the carbon of the 
organic compounds. The ignition is continued until the black color of the 
carbon has disappeared. In special cases of analysis, it is only necessary to 
char the material; then pulverize it, digest with the suitable^ solvents, 'and 
filter; but this method does not give assurance of full separation of all sub- 
stances. Complete combustion, without use of oxidizing agents, is the wav 
most secure against loss, and entailing least change of the material; it is, how- 
ever, sometimes very slow. The operation may be hastened, with oxidation of 
all materials, by addition of nitric acid, or of ammonium nitrate. The material is 
first fully charred; then allowed to cool till the finger can be held on the 
crucible; enough nitric acid to moisten the mass is dropped from a glass rod 
upon it, and the heat of the water-bath continued until the mass is dry, %vhen 
it may be very gradually raised to full heat. This addition may be repeated 
as necessary. The ammonium nitrate may be added, as a solid, in the same 
way. 

§286. Oxidation icith potassium cMorate and hydrochloric acid on the icater-bath 
does not wholly remove organic matter, but so far disintegrates and chancres 
it that the filtrate will give the group precipitates, pure enough for most tests. 
It does not vaporize any bases but ammonium, hut of course oxidizes or 
chlorinates all constituents. It is especially applicable to viscid liquids: it may 
be followed by evaporation to dryness and ignition, according to the paragraph 
above. 

The material with about an equal portion of hydrochloric acid is warmed on 
the water-bath, and a minute portion of potassium chlorate is added at short 
intervals, stirring with a glass rod. This is continued until the mixture is 
wholly decolored and dissolved. It is then evaporated to remove chlorine, 
diluted and filtered. If potassium and chlorine are to be tested for, another 
portion may be treated with nitric acid, on the water-bath. The organic 
matter left from the action of the chlorine or the nitric acid may be sufiicient 
to prevent the precipitation of aluminum and chromium in the third group of 
bases; so that a portion must be ignited. As to arsenic and antimony, see 
§70, 7. 
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§287. The action of sulphuric iritli^ nifrle acid ai a gmihmUu increasing heai 
leaves behind all the mi*talf» (not amtuoniuni). with feonit? Iohs of mercury and 
arsenic (and iron?) if ehlorid^fs are present in conBiderable quant Jtj. lu this, 
iiu in the operations before mentioned, volatile nctds are lost^sijiphides partly 
oxidized to sulphates, etc. 

The substance m placed in a tubulated retort, with about four parts of con* 
centra ted sulphuric acid, and gently heated until dissolved or mixed. A funnel 
is now placed in the ttibulure* and nitric acid added in small portions, gradu- 
ally raiHing- the heat, for about half an hour— so as to expel the chlorine, and 
not vaporize ehloridefi. The material is now tranftferreil to a platinum di&b 
and heated until the sutphurir aHd beifins to mfiorize. Then add &mall portions 
of nitric acid, at intervale, until the liquid ceases to darken by digestion, after 
a portion of nitric acid is expelled* Finally, evaporate olT the salphunc acid,, 
using- the lowest possible heat at the dose. 

§28S. The sotreniff used are chiefly el her fm' fntfy matter^ and alcohol or ether, 
or both Buccesisively, for resins. Instead of either of these, benzol may be 
used: and many fats and some resina may be dissolved in petroleum ether. 
It will be observed that ether dissolves some metallic chlorides, and that 
alcohol dissolves various metallie salts. Before the use of either of these sol- 
vents upon solid materia K it should be thoroughly dried and pulveriised. Fatty 
matter suspended in water sohiti<ms may be approximately removed by filter- 
ing- throuprh wet, close filters: also by shaking with ether or benzol, and decant- 
ing the solvent after its separation. 

§289. By DiuluMH^ the larger part of any ordinary inorganic substance can 
be extracted in approximate punty from the greater number of organic sub- 
stances in water solution. The degree of purity of the separated substance 
depends upon the kind of organic materiaK Thus albuminoid eomponnrls are 
almost fully rejected; but saccharine compounds pass thro\igh the membrane 
quite as freely as some metallic salts. (Consult Watts* Dicthnary, 1S04, IV, 172). 
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PRELIMIXARY EXAMINATION OF SOLIDS. 

§290* Before proceeding to the analysis of a substance in the wet way, a 
eareful atudy should usually be made of the reactions which the substanee 
undergoes in the solid state, w^hen subjected to a high heat, either alone or in 
the presence of certain reagents, before the blow-pipe, or in the flame of the 
Bunsen burner. This examination in the dry way precedes that in the wet, 
and should be carried on systematically, following the plan laid down in the 
tables, and noting carefully every change which the substance under investiga- 
tion undergoes, and if necessary making reference to some of the standard 
works on blow-pipe analysis- In order to understand fully the nature of these 
reactions, the student should flrst acquaint himself with the character of the 
different parts of the flame, and the nse of the blow-pipe in producing th© 
reducing and oxidtjiing flames, 

1291. The ft a me of the etindJe^ or of the ffas-fet^ burning under ordinary clrcum* 
stances, consists of three distinct parts: a dark nucleus or zone in the centre, 
surrounding the wick, consisting of unburnt gas — a luminous cone surrounding 
Ibis nucleus, consisting of the gases in a state of incomplete combustioc. Ex- 
terior to this is a thin, non-luminous envelope, where, with a full supply of 
oxygen, complete combustion is taking place: here we find the hottest part of 
the flame. The non -luminous or outer part is called the oxidizing flam^e: the 
luminous part, consisting of carbon and nnconannied hydrocarbons, is called 
the Ttduclii^ flame. 

S292. The ffdmc produced by the hiow-pipe (or Bunsen burner) is divided into 
tw^o parts: the oxidizing flame, where there is an excess of oxygen, correspond- 
ing to the outer zone of the candle-flame; and the reducing flame, where there 
is an excess of carbon, corresponding to the inner zone of the candle-flame*. 
Upon the student's skill in producing these flames depend very largely the 
results in the use of the blow-pipe. 

In order to produce a good oxidizing flame, the jet of the blow-pipe Is placed 
jiTPt within the flame, and a moderate blast applied — the air being thoroughly 
mixed with the gas, the inner blue flame, correa ponding to the exterior part 
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of the candle-flame, is produced: the hottest and most effective part is jnst 
before the apex of the blue cone, where combustion is most complete. 

The reducingr flame is produced by placing the blow-pipe just at the edge of 
the flame, a little above the slit, and directing the blast of air a little higher 
than for the oxidizing flame. The flame assumes the shape of a luminous cone, 
surrounded by a pale-blue mantle; the most active part of the flame is some- 
what beyond the apex of the luminous cone. 

S293. The blast with the blow-pipe is not produced by the lungs, but by the 
action of the muscles of the cheek alone. In order to obtain a better knovtrledge 
of the management of the flame, and to practise in producing a good reducing 
flame, it is well to fuse a small grain of metallic tin upon charcoal, and raising 
to a high heat endeavor to prevent its oxidation, and keep its surface bright: 
or better, perhaps, to dissolve a speck of manganese dioxide in the borax bead 
on platinum wire — the bead becoming amethyst-red in the outer flame and 
colorless in the reducing flame. The beginner should work only with sub- 
stances of a known composition, and not attempt the analysis of unknown 
complex substances, until he has made himself perfectly familiar with the 
reactions of at least the more frequently occurring elements. 

The amount of substance taken for analysis should not be too large: a 
quantity of about the bulk of a mustard-seed being, in most cases, quite 
sufficient. 

The physical properties of the substance under examination are to be first 
noted; such as color, structure, odor, lustre, density, etc. 

Heat in Olass Tube Closed at One End. 

9294. The substance, in fragments or in the form of a powder, is introduced 
into a small glass tube, sealed at one end, or into a small matrass, and heat 
applied gently, gradually raising it to redness, if necessary with the aid of the 
blow-pipe. When the substance is in the form of a powder it is more easily 
introduced into the tube by placing the powder in a narrow strip of paper, 
folded lengthwise in the shape of a trough; the paper is now inserted into the 
tube held horizontally, the whole brought to a vertical position, and the paper 
withdrawn;- in this way the powder is all deposited at the bottom of the tube. 
By this treatment in the glass tube we are first to notice whether the sub- 
stance undergoes a change, and whether this change occurs with or without 
decomposition. The sublimates, which may be formed in the upper part of the 
tube, are especially to be noted. Escaping gases or vapors should be tested as 
to their alkalinity or acidity, by small strips of moist red and blue litmus 
paper inserted in the neck of the tube. 

Heat in Olass Tube Open at Both Ends. 

§295. The substance is inserted into a glass tube from two to three inches 
long, about one inch from the end, at which point a bend is sometimes made; 
heat is applied gently at first, the force of the air-current passing through the 
tube being regulated by inclining the tube at different angles. Many sub- 
stances undergoing no change in the closed tube absorb oxygen and yield 
volatile acids or metallic oxides. As in the previous case, the nature of the 
sublimate and the odor of the escaping gas are particularly to be noted. The 
reactions of sulphur, arsenic, antimony and selenium are very characteristic: 
these metals, if present, are generally easily detected in this way (§69, 7). 

Heat in Blow-pipe Flame on Charcoal. 

§296. For this test, a well-burned piece of charcoal is selected, and a small 
cavity made in that side of the coal showing the annular rings; a small frag- 
ment of the substance is placed in the cavity, and, if the substance be a 
powder, it may be moistened with a drop of water. The coal is held horizont- 
ally, and the flame made to play upon the assay at an angle of about twenty- 
five degrees. The substance is brought to a moderate heat, and finally to 
intense ignition. Any escaping gases are to be tested for their odor; the 
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change of color whk*li the subBtance undergoes, and the nature and color of 
the coating which may form near the asbaj* are also to l>e carefully noted* 
^ome substanceB, as lead, may be detected at once hy the nature of the coating. 

Ignition of the Substance previously Hoistened with a Drop of Cobalt 

Ifitrate. 

1297, This teet may be effected either by heating on cbarcoal, in the loop of 

platinum wire, or in the platinum-pointed forceps. A portion of the subatauee 
is moistened with a drop of tht* reagent, and exposed to the action of the outer 
flame When the substance is in fragments, and porous enough to ahaorb the 
cobalt fiolotion, it may be held in the platinum-pohiterl forceps and ignited. 
The color is to be noted after fusion. This test is rather limited; aluminum, 
zinc and magnesium giving the most characteristic reactions. 

Fusion with Sodium Carbonate on Charcoal. 

S298. The powdered substance to be tested is mixed with sodium carbonate, 
moistened and placed in the cavit^^ of the coab Some substances form, with 
sodium carbonate at a high beat, fusible compounds: others infusible. Many 
bodies, as silicates, require fusion with iilkali carbonate bef«»rt' th€?y can be 
tested in the wet w*ay. Many metallic oxides are reduced to metal, forming 
globules* which may lie easily detected. 

When this teM 18 applied for the detection of sulphates and sulphides, the 
flRme of the alcohol la nip is to be substituted for that of the gas-flame, as 
the latter generally contains sulphur compounds. 

Examination of the Color which may be imparted to the Outer Flame* 

1299, Tn this way many substances may be definitely dett-^cted. The test may 
be applied either on rhaTCoal nr on the loop of platinum wire, preferably in the 
latter way. When the substance will admit a small fragment is placed in the 
loop of the platinimi wire, or held in the platinum-poii^ted forceps, and the 
point of the blue fiame directed upon it. If the substance is in a powder It may 
be made into a paste with a drop of water, and placed in the cavity of the 
charwial, the flame beirig directed horizontally across the coat The color 
which the substance imparts to the outer flame in either case is noted* In 
most cases the tlfime of the Bunsen burner alone will suffice; the substance 
beinf* heated in the loop of platinum wire, which, in all eases, should be lirst 
dipped in hydrochloric acid and ig-nited. in order to secure against the preeenee 
of foreiffn substances. Those salta which are more volatile at the temperature 
of the flame, as a rule give the most intense coloration. When two or more 
substances are found to|rether it is sometimes the case that one of them masks 
the color of all the others i the brigrht yellow flame of sttdium, when present in 
excess, generally veilinp- the flame of the other elements. In order to o\)viQte 
this* colored media* as cobalt-blue g-lasis, indig^o solution, etc., are interposed 
Viet ween the flami* and the eye of the observer. The appearance of the llame 
of various bodies, when viewed through these medin, enables us often to detect 
very small quantities of theni in the presence of larg-e quantities of Othtr 
i}ub£tances. 



Treatment of the Substance with Borax and Hicroeosmie Salt. 

§300. This IS best effected in the loop of platinum wire. This is heated and 
dipped into the borax or microcosmic salt and heated to a colorless bead; a 
untall quantity of the substance under examiaation is now^ brought in contact 
with the hot bead, and heated, in both the oxidizing and reducing flames. Any 
reaction which takes place' during the heating must be noticed: most of the 
metallic oxides are dissolved in the bead, and form a colored glass, the color 
of which is to be observed, both while hot and cold. The color of the bead 
varies in intensity, according to the amount of the substance used: a very 
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small quantity will, in most cases, suffice. Certain bodies, as the alkaline 
earths, dissolve in borax, forming beads which, up to a certain degree of satura- 
tion, are clear. When these beads are brought into the reducing- flame, and an 
intermittent blast used, they become opaque. This operation is called flaming. 
As reducing agents, certain metals are employed in the bead of borax or 
microcosmic salt. For this purpose tin is generally chosen, lead and silver 
being taken in some cases. These metals cannot be used in the loop of plat- 
inum wire, as they will alloy the platinum. The beads are first formed in the 
loop of wire; then, while hot, shaken off into a porcelain dish, several being so 
obtained. A number of these are now taken on charcoal and fused into a large 
bead, which is charged with the substance to be tested, and then with the tin 
or other metal. For this purpose tin foil (or lead foil) is previously cut in 
strips half an inch wide, and the strips rolled into rods. The end of* the rod 
is touched to the hot bead to obtain as much of the metal as required. Lead 
may be added as precipitated lead (** proof -lead "), and silver as precipitated 
silver. By aid of tin in the bead, cuprous oxide, ferrous oxide and metallic 
antimony are obtained and other reductions effected, as directed in 577, 7, 
and elsewhere. 

CONVERSION OF SOLIDS INTO LIQUIDS. 

§301. Before the fluid reagents can be applied, solids must be reduced to 
liquids. To obtain a complete solution, the following steps must be observed: 

First. The solid, reduced to a fine powder, is boiled in ten times its quantitv 
of water. Should a residue remain, it is allowed to subside, and the cleaV 
liquid poured off or separated by filtration. A drop or tico evaporated on glass, 
or clean and bright platinum foil, will give a residue, if any portion has dis- 
solved. If a solution is obtained, the residue, if any, is exhausted, and well 
washed with hot water. 

Second. The residue, insoluble in water, is digested some time with hot 
hydrochloric acid. (Observe §305.) The solid, if any remain, is separated by 
filtration and washed, first with a little of this acid, then with water. The 
solution, with the washings, is reserved. 

Third. The well-washed residue is next digested with hot nitric add. 
Observe if there are vapors of nitrogen oxides, indicating that a metal or other 
body is being oxidized. Observe if sulphur separates. If any residue remains 
it is separated by filtration and washing, first with a little acid, then with 
water, and the solution reserved. 

Sometimes it does not matter which acid is used first. But if a first-group 
base be present, HNO, should be added first, for HCl would form an insoluble 
chloride. If the substance contain tin (especially an alloy of tin) SlfO. 
would form insoluble metastannic acid, HioSd^Oib » in which case SCI should 
be used first. 

Fourth. Should a residue remain it is to be digested with nitrohydnochloric 
acid, as directed for the other solvents. 

The acid solutions are to be evaporated nearly to dryness, and then redis- 
solved in water, acidulating, if necessary, to keep the substance in solution. 

Fifth. Should the substance under examination prove insoluble in acids, it 
is likely to be either a sulphate (of barium, strontium or lead); a chloride, or 
bromide, of silver or lead; a silicate or fluoride — perhaps decomposed by sul- 
phuric acid — and it must be fused with a fixed alkali c<irhonate, when the con- 
stituents are transposed in such manner as to render them^ soluble. The 
water solution of the fused mass will be found to contain the acid: the residue. 
insoluble in water, the metal, now soluble in hydrochloric or nitric acids 
(compare §266, 7). 

If more than one solution is obtained, by the several trials with solvents, 
the material contains more than one compound, and the solutions, as sepa- 
rated by filtration, should be presened separately, as above directed, and 
analyzed separately. The separate results, in many cases, indicate the original 
combinaiion of each metal. 
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§303, TEEATMENT OF A METAL OR AN ALLOT. 36T 

COXVERSION OF SOLUTIONS INTO SOLIDS. 

1302. Before solitls in solution can be subjected to preliminary exnminatlon, 
either for metals or for aeidB, thej must be obtainetl m the BoUd state. This 
is done by evaporation. 

TREATMENT OF A METAL OR AN ALLOY.* 

9303. On ae count of the different effect that nitric acid has upon tbe nn* 
oombined metals, it is used as a solvent in their detectioiu Thus: 

Gt/td and pttitimim are not attacked by nitric acid. 

Tin and fiittimrtnjf are oxidized and converted into compounds that are insolu- 
ble both in water and an excess of the acid. 

TiSb + lOHWD, = 3Sb,0, + lONO + 5H,0 
15Sii + SOMHOj + 5H^0 = 3H,,»BnaOja + 20NO 

AU the other meiah are oxidized and converted into compounds that dissolve 
either in. water or an exce&a of the acid; e. g.: 

3Pb + 8HW0, = a?b(irO,), + 2K0 + 4H,0 
Bi + 4HK0, — BKHO,), + WO H- aH.O 

Method of Proc&lure.j 

Place a small quantity of the metal or alloj, about equal in bulk to a pea» 
having previously obtained H in as tinely dividetl a statt* he possible, in an 
evaporating-difih, or any suitable vesaeU cover well with nitric acid, k/j, ffr, 1.20* 
and appJy heat. Continue the application of beat* replacing from time to time 
the acid lost by evaporation, until the tnetal or alloy is dissolved or wholly 
disiintegrated. 

If complete solution takes place immediately* pass on to J, 

If a residue remains^ decant the liquid portion upon a filter: again add nitric 
acid to the rt*i4idiu\ heat* and again ileoanl upon the samt* tilter. Then thor- 
oughly wiish with hot water, pither by boiling with water and decanting, or 
by tranKferrtng the whole to and pouring hot water through the filter. Add 
the first portions of the hot -water filtrate to the nitric acid filtrate already 
obtained, and treat the mixture aa directed in A, after having first evaporated 
a drop or two on platinum fofl, to ascertain whether anything has really 
been dissolved. 

Treat the residue as directed in B. 

A. — The Nilric Acid Solution. 

This aohition may contain any of the metals, e:ccept those mentioned under B^ 
If the rdtrlc acid has effected a whole or partial solution of the original 

metal or alloy, evaporate almost to dryness to remove excess of acid, add abont 

ten times its biilk of %vater, and proceed with the separation and detection of 

the metals in the regular way. 
Should the concentrated liquid become turbid when diluted with water, th© 

presence of bismuth is indicated. In this case enough acid must be added to 

clear up the solution .J 

* This aectioD is furalibeil by Dr, J, W, Balrd^ Bean of the Maasaohuftetta Cqllege of 
ThsLrtoAcy. 

t When gold or platinnin constltntefl more than oae-quartor of the alloy, &1tr1o «eld faUt tn 
extract the whole of the baAe motalfl thftt othorwise ars nmdUy Boluble. In such a ease the 
amauat of gold or platinum must be reduced to at \emt Stt p«r oept. by fusing the nlloy wlib 
the requisite amount of that base metal whose ahieacse U surelj- known. 

t Arsenic, if presoat In the oriirlaal alloy* now oxlstfi In the form of arsenic acid, the preetpi- 
tatlon of which requires heat and ioag-coutlnuod passage of ii,Ji (t«0, 0' e ?), 
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B, — The Residue Insoluble in Nitric Acid. 

This may contain gold and platinum in their metallic forms, and tin * and 
antimony * in the form of metastannic and antimonic acids. The separation 
of the two former from the two latter depends upon the fact that the meta- 
stannic and antimonic acids are soluble in hydrochloric acid, forming SnClt 
and SbCU . 

Digest, therefore, the well-washed residue in concentrated hydrochloric acid 
at a boiling temperature for from 5 to 10 minutes; then add at once an equal 
volume of water (to dissolve the stannic chloride), and bring* to the boiling 
point. 

If gold or platinum existed in the original metal or alloy it veill now be 
found in the form of a dark-brown or black powder or mass, insoluble in the 
hydrochloric acid. If such a residue exists, decant while hot, ag^in add hydro- 
chloric acid, heat, and again decant. 

The Hydrochloric Acid Solution, 

This solution may have a turbid appearance, especially when cold, due to the 
action of the water upon the SbClg; but without filtering proceed with the 
separation and detection of the tin and antimon}' by the usual process.f 

The DarJc'Colored Residue. 

Add, after washing, two volumes of hydrochloric and one of nitric add: 
evaporate almost or quite to dryness, dissolve in a small quantity of water 
(to obtain a concentrated solution), and divide into two portions. 

The gold and platinum have been dissolved by the aqua-regia formed, and 
now exist as auric and platinic chlorides. 

First Portion— Test for Gold. 

Dilute with at least ten times its bulk of water; add a drop or two of a mix- 
ture of stannous and stannic chlorides; a purple or brownish-red precipitate 
(or coloration), purple of Cassius; constitutes the test for gold. 

A convenient way of preparing this mixture of stannous and stannic chlorides 
is to 

(a) Add a few drops of chlorine-water to a solution of stannous chloride; or 

(h) Add to a small quantity of stannous chloride enough ferric chloride to 
produce a faint coloration. 

Second Porivon — Test for Platinum. 

Add, without dilution, an equal volume of a strong solution of ammonium 
chloride. The formation, either at first or on standing, of a lemon-yellow 
crystalline precipitate, consisting of the double chloride of platinum and 
ammonium, (NH4Cl)2PtCl4 , constitutes the test for platinum. 

Addition of alcohol favors the precipitation. 

If the proportion of platinum is very small, the mixture, after ammonium 
chloride has been added, should be evaporated to dryness on a water-bath and 
the residue treated with dilute alcohol. The ammonium platinic chloride 
remains behind as a yellow crj'stalline powder. 

SEPARATION OF THE ACIDS FROM THE BASES. 

§304. The preliminary examination of the solid material in the dry -way will 
give indications drawing attention to certain acids. Solutions can be evapo- 
rated to obtain a residue for this examination. Thus, detonation (not the 

* Traces may sometimes be dissolved. 

t Arsenic must be looked for in this as well as in the nitric acid solution. For when the alloy 
contains arsenic, part of It will combine with the antimony and tin, and be held in the residue. 
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d^crepitfltion caused by water in crystnle) Indf rates cUlorates, nitrates, bro- 
mates, iodates. Ej-ploHfM nr d€flti(jmtUm will Oi'cur if the^f, tyt othi?r ox>geii- 
fyrniahing salts— as penTiatii^ajiaies, chromates— art* h\ mixture with easily 
combustible matter (|273» T), Hypophosphites* heated alone, detla gratis in- 
tensely . A brotrttiMh-yr}f*fif luptifr iiidieatea nitrates or nitrites (§241, 7): a 
tj rem jhs m r, borates ( S 22 1 , 7 ) * The otfm- a f h n at intj m Ip h u r : sulphi des , sulphites, 
thiosulphatee, or free sulphur* The separation of raiiam fit nek: an organic acid. 
The formation of a ^ihfr ^'^tain: u i^ttl p ft ur compound (§266, 7). 

§305. When dissolving' a solid by ueidM for work in the wet way, indications 
iif the more volatile acids will be obtained. Sudden cfftneHccmr: n. carbonate 
(oxalate or cyanate, §226, 6). Greeniith-i/efl<nr vftpoVH: a chlorate (§272). 
Bi'oicniJiih-yeUfttr, eh lor nitrous vapors on addition of hydrochloric acid: a nitrate. 
The fharacteri^ic otlj/fs: saUa of hydrosulphuHc acid, sTjlphurous acid, hydro- 
liromic acid, hydr iodic acid^ hydrocyanic acid» acetic aeid. The separation of 
Hufphnr: a higher sulphid^^ etc. It will be retnembered that chlorine results 
from action of mang-anese dioxide, and numerous oxidizing agents, upon 
hydrochloric acid, 

§303. If th^ mateMal Is in solution, the bases will be firat detei^mined. 
(Certain volatile acids will be detected in the first -^roup acidulatjon— by indica- 
tions mentioned in the preceding' i jar a graph.) Now, it should first he con- 
sidered, what acids can &e pre^tmt <n fttdttilon tclth the bam's found? Thus, if 
barium be among the bases, we need not look for Malphnric ncid. nor, in a 
solution not acid, for phosphide oHrf. 

§307, As a general rule, the non -alkali metals must be removed from a 
solution before testing it for acids, ^mless it can be dearly seen that they will 
not interfere with the tests to he made. 

Metals need to be removed: because, firstly, in the tegtinfj for aeid^ by pi^cip^- 
tntitm, a precipitate may be obtained from the action of the reagent on the 
base of the sojution tested, thus: if the solution contain silver, we cannot test 
it for sulphuric acid by use of barium chloride (and we are restricted to use 
of barium nitrate). And, secondly, in test in ff for fieid^ bif transponUhm irith a 
Jitronfjrr acid — the preliminary examination for acids — certain bases do not 
permit transposition. Thus, ehlorides, etc*, of lead, silver, mercury, tin and 
antimony, and sulphide of arsenic, are not transposed by sulphuric acid, or 
not promptly. 

§308. If ftrither arjienie nor antimoup is among the bases, tliey may all be 
removed by baiting xr'tth sl'tiiht ej-vef^s of sodium or potassium carbonate, and 
1ilterjn(r» .Ir^cfifiV nnd nntimtrnth "tid all other bases of the second gronp, may 
be removed tjy warming with hydrosulphurtc acid, and filtering". When the 
bases are removed by sodium or potiissiiim eitrbonate, the filtrate mniat he 
t-xorffif ttftttrolized by nitric aeid, with the rxpuhkm of at! carbonic ami by boil- 
ing. Then, for nitric acid. Ihe oriirinol substance may be te^^ted. 

§309, The separation of phosphoric acid from baises is a part of the work 
of the third group of metals, find is e?i plained in §§152 and 153. For removal 
of boric acid, see §221: oxalic acid. 1151; and silicic acid, §249, 6 and 8. 

The ncn- volatile eyanogen acids can be separated from bases by digesting 
w*ith potassium or sodium hydroxide (not too stronir, §§231 and 232), adding 
potassium or sodium carbonate and digesting, and then filtering. The residue 
is examined for bases, by the usual systematic process. The solution will 
contain the alkali salts of the cyanogen acids, and may contain metals whose 
hydroxides or car bo Dates are soluble in fijced alkali hydroxides, 
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HsAtO, j- Remove AgNO, with CaCI, and add HaS \ AtaS, Lemon yellow. 
SbAQa [ Dissolve in hot HCI, dilute, filter and add H,S j Sb,S, Oran«re. 
/ SnCI, } Test with HgCU. ] HgCI, White ; or Hg Gray. 



5« 



^ •! SbCU reject or test in Marsh apparatus. 

iieiA.. \ DUaoWeinnltrobydro-j AuCls.NH«CI BvaporatO 

= s «2 i (. ''*^'^'' •**"; evaporate lo \ and Ifirnite to Au°, Yellow. 

5 5 ,• ^ > dryowM with excMS of 

^ 8"- ( R ( MH.CI •nd diKMt with I (MHJaPtCI. Igrnite to R«>, 
•icoSoi. I Gray. 

*»en- ) Evai)orato to dryness with excess of HNOs. Dissolve residue in NH«OH and add to an excess 
jj^*^ j of HCI. Test this solution with NaaHP04 V Ammonium phosphomolybdate. Yellow. 



Sb 
Au 
Pt 



III 
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test with SnCI, and Cu wire. 
m of Pbia or PbCr04. 

hotK,SnO,[BP Black. 
II«0H.2NH4N03^ P^^P ^^"o solution evidence of copper. 



MH.2NH4NO3 



For traces add HC,H,0, and test with K4Fe(CN)«^ CuaFe(CN)« Red-brown. 
Add KCN till blue color disappears, then HiS -j CdS licmon-yellow. 



and precipitate with (NH«),CO. •{ AKOH), White, gelatinous. 

Acidify with HCaH.O, and add Pb(CaHaO,)a{ PbCr04 Lemon-yellow. 

::M88olve in HCI and add KCNS { Fe(CNS), Blood rod. 

^^t oriHTinal solution (acid) with KCNS for Fe'" and with K,Fe(CN), for Fe"] Fe.LFe(CN)«], Blue. 



■u Test with borax bead. Blue bead. 



Add NaHCOs and HsOaV Green solution. J 

■iu Test with borax bead. Brown bead. -. 

^. Heat with ( u\it\u\ ' a^^ Kl. I 
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\ I i .. 1. Add Ct804, set aside ten minutes ] SrSO*, White. 
Sr(C,H,0,>, ! o i.c Moisten SrSO* with HCI and apply tlamo test. 

> ^"^ 2. Add KaSO^, boil, set aside ten minutes. 
Ca(C.H,0,), 1 5-^ Fllter^ana^add j ^,0.04, Whit^,. soluble in HCI. 
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^^er removal of Mg apply flame tost, yellow. 

V> the original solution add KOH in strong oxooss, warm (note odor) and test with moist litmna 
iwper ; i>ass gas into Nossler's reagent ] NHgal, Brown. 
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§317. Table fob Identification and Sepabation of the Commoxly 
OccuBBiNG Anions (Acids).* 

1. Boil the material with dilate HNO, . There results : 

COj, Effervescence; turbidity in a drop of lime-water. 

SOj Effervescence, penetrating odor. 

NjOg Effervescence, red-brown fumes, odor. 

HjS Odor, blackening of paper moistened with lead acetate, separa- 

tion of sulphur in the solution. 

Odor 1 Often masked by the others; see special tests 

Vinegar odor f below. 

2. Boil with concentrated NajCOg solution; all cathions (bases) except 

the alkalis are precipitated as carbonates or hydroxides and removed by 
filtration. The filtrate contains all the anions (acids) and the excess of 
COj" . Acidulation with HNO3 sets free CO2 , and SiOj is precipitated; 
identified in the microcosmic salt bead. The filtrate is made ammoniacal. 

3. Ca(N03)2 solution precipitates: 



HCN 



ON' 



as OaF, 

as 0a0204 

as Oa(ON), 



i 



O4H4O/ as OaO^H^Oe 



HAsO/' as OaHAsO» 



HA8O4" as OaHAsO^ 



insoluble in C insoluble; H2SO4 liberates HF. 
in acetic dilute J soluble, reappearing with NH,; 

acid; HOI [ decolors EMnO^ solution. 
V /heated with Fe"* + Fe"*' + OH' gives 

^ ' Prussian blue on acidifying. 

with K' ions in concentrated solution po- 
tassium bitartrate precipitated. 
In the filtrate from the above, 
HjS precipitates ABjSj at once in the coli 

In the filtrate from the above, 
HgS slowly precipitates from hot solution 



HPO/' as OaHPO, 



CO 






S2 + A82S3 



In the filtrate from the above, 
ammonium molybdate gives yellow pre- 
/ I cipitate; or Mg" + NH^' + OH' give? 

/ \ MgNH.PO,. 

4. In the filtrate from 3. BaCNOg). precipitates: 
OrO/'(Cr,0/') as BaCrO^ , yellow, soluble in HCl; the yellow color of the 
solution becoming green on boiling with alcohol. 



• From CTiem. Prakt, Abegg and Herz (1900), Breslau, Pagre 118 ; reviewed by Presenius. Z^ 
1900, 89, 666. 
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SO4'' as BaS04 \ / unchanged, remains insoluble in 

HCl. 
SiF^," as BaSiFe \ insoluble on J gives off SiF^ , which deposits 
/ in HCl; ignition V SiOa in a drop of water; the 
I residue, BaF^, is soluble in 
V^ HCl. 

5. The filtrate from 4. is exactly neutralized with HNO3*; Zn(N03)2 
then precipitates: 

Fe(CH)e"' as Zn8[Fe(CH)e]2 brownish-yellow \ dissolved f brown 

f by OH' / coloration. 

Fe(CN)e"" as Zn2Fe(CN)e white ( gives with \ Prussian 

] Fe*" and H' ( blue. 

6. A few drops of the filtrate from 5. are treated with as little Fe*** as 
possible: 

Red j Fe(CNS)3 ) on j permanent red color. 

coloration 1 Fe*(C2H302)8 ) heating | precipitate and colorless solution. 

In the absence of CNS' another drop is tested with Ag' for the halogens; 

if a precipitate results or if CHS' is present, one part of the solution is 

treated with CS, and a little Cl-water: 

r violet coloration, disappears with ) ^ m j. 

_ , , 1 x- J i. J- i.!- > much Cl-water. 

Br brown coloration, does not disappear with J 

The second portion is evaporated to dryness with K2Cr207 , fused, and 
the mass after cooling distilled with concentrated H2SO4; appearance of 
oily brown drops of CrOaClj , forming CrO^" with water : CI' . 

7. A concentrated water-extract of the original substance is treated 
with concentrated H2SO4 and solid FeS04 or Fe*' solution, prepared cold; 
a brown coloration shows the presence of HO3'. 

The anions mentioned above to some extent exclude one another, being 
unstable when together in solution owing to their power of mutual oxida- 
tion and reduction, e.g., SO/ and S"; SO3" and NO.,'; HOj' and CH'; 
HO/ and S"; HO2' and I'; HO2' and HAsO,"; S" and HAsO/' , etc. It is 
to be noticed that this always simplifies the analytical procedure. 



§318. Notes ox the Detection of Acids. 

/. The precipitntion of tartrates by cnlciiim salts is incomplete; from 
calcium sulphate solution a precipitate forms slowly or not at all. Calcium 
tartrate is soluble in the cold in a solution of KOH , precipitating gelatinous 
on boiling; again soluble on cooling (separation from citrate). Calcium tartrate 
is soluble in acetic acid (separation from oxalate). 
2. A number of basic carbonates give almost no effervescence when treated 

*In the orUrinal German text It is directed to tue HOI at this point. 
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with acids. To detect the presence of small amounts of carbonate, it is recommended 
to place the dry powder in a test-tube and fill about three-fourths full of 
distilled water. Close the test-tube with a two-holed rubber stopper contain- 
ing a thistle tube reaching- nearly to the bottom of the test tube, and a 
delivery tube reaching just through the stopper. Add dilute sulphuric acid 
and warm gently-. The carbonate is decomposed, driven from the solution, 
and, owing to the limited air space, readily passes through the delivery tube 
into the solution of calcium hydroxide. 

5. With the generation of an abundance of CO, , the precipitate first formed 
in the CaCOH), is redissolved (solution of lime in spring water). Boiling 
drives off the excess of CO, and causes the reprecipitation of the CaCO, . 
Barium hydroxide may be used instead of calcium hydroxide. 

If, If compounds have been strongly ignited previous to solution for analysis, 
oxalates cannot be present. 

o. In Table H (§315), if strong oxidizing agents are present, as KCIO3 , 
K^CrnOf , KMn04 , etc., the oxalic acid witl be decomposed on virarming with 
hydrochloric acid. This may be avoided by adding calcium chloride to the 
solution, neutral or alkaline with ammonium hydroxide. The oxalate will be 
precipitated and thus separated from the oxidizing agents. After filtering, 
the precipitate is digested with dilute acetic acid, filtered and the filtrate 
tested for phosphate with ammonium molybdate. The residue is dissolved in 
hydrochloric acid, filtered if necessary (calcium sulphate does not dissolve 
readily), and the filtrate made alkaline with ammonium hydroxide. The pre- 
cipitate thus obtained is washed, dissolved in nitric acjd and tested with 
potassium permanganate. The filtrate from the solution after the addition 
of calcium chloride is acidified with hj'drochloric acid, heated to boiling and 
tested for sulphate by the addition of a few drops of barium chloride (§317). 

6. In Table U, if sulphites or thiosulphates are present, the solution in 
hydrochloric acid must be heated sufficiently to drive off all the sulphurous 
anhydride, or reactions for oxalates will be obtained, due to the sulphurous 
acid alone. If there be any doubt as to the complete removal of the sulphur- 
ous anhydride, the gas evolved by the reaction of the potassium perman- 
ganate should be passed into a solution of calcium hydroxide. A precipitate of 
calcium carbonate at this point is positive evidence of the previous presence 
of oxalic acid or oxalates. 

7. Alkali ferro- and ferricyanides are separated from each other by the 
solubility of the latter in alcohol. 

8. In testing for nitric acid the student must not be content with good 
results from one test. At least four tests should be made, and all of them 
should give positive results before final affirmative judgment is passed. Failure 
to bleach indifjo solution in the presence of an excess of hydrochloric acid may be 
taken as conclusive evidence of the absence of nitrates. 

9. In the analysis of minerals, silica or silicates will usually be present. 
The silica should be removed before proceeding with the analysis. Fuse the 
finely divided material with an excess of sodium carbonate, digest the cooled 
mass thoroughly in hot water, filter and evaporate the filtrate to dryness. 
Moisten the residue with concentrated hydrochloric acid, and again evaporate 
to dryness. Pulverize thoroughly, digest in water acidulated with hj'dro- 
chloric acid and filter. The residue, white, consists of the silica, SiO, . 

10. Meta- or pyrophosphates do not react promptly with ammonium molyb- 
date. In the usual course of analvsis thev are changed to the orthophosphate 
(§255, OA). 

11. Phosphoric acid may be detected in the presence of arsenic acid by 
ammonium molybdate if the solution be kept cold: it is preferable to remove 
the arsenic before testing. In absence of interfering substances the color of 
the silver nitrate precipitate will indicate the presence or absence of arsenic 
acid (§69, 0/). See also note 20. 

J 2. Sulphides which are transposed b\i hiidroehloric acid are best detected by 
the odor of the evolved gas, and by passing the evolved gas into ammonium 
hydroxide and testing with sodium nitroferricyanide. Other sulphides are 
decomposed by nitric acid or by nitrohydrochloric acid with separation of 
sulphur as a leather}' mass or as a yellow precipitate. Persistent heating of 



§318, 19. 
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the sulphur with the reng-ent decomposing^ the sulphhle will cause the oxldft- 
tion of a portion of the sulphur to u Kulphatu whU-h umy be delected iti the 
usual manner. A portion of the procipitated sulphnr should be burned on a 
plattnum foil with careful observaDOe of the odor of the evolved g^s. 

/.?. A sulphite (or other lower oxidbed compound of sulphur) is readily 
detect td by ntltlinir hanuui chloride in excess to n portion of the soUitiont 
diSHolvinfi- in HCl . fllterinj;? if residue remains, and adding bromine or c^hlorine 
to th** clear filtrate. A precipitation of barium sulphate indicates the oxidation 
of a lower compound of sulphur to a isulphati*. 

14. It frequently beeomea necessary to detect and estimate flulphidea, thio-' 
sulpha tei^, sulphites and Bulphatea in mixturcis containing' two or more of the 
compounds. The method of procedure will vary accord ing^ to the nature of 
the substance. The student viill he aided by studving |§257, 8; ^58> S; and 

15. The rtcogmtloxL of chlorides, bromides and iodides — by evolving^ their 
chlorine, bromine and iodine, in prejfCiicc of caeh other — cati be accomplished as 
follows — for the iodine the test bHuR- very easy; for chlorine^ indirect but 
unmistakable: for bromime, depemlent upon much care and discretion,* 

The Iodine is liberated with dilute chlorlne-wftter* added drop by drop, and 
itt readily detected by starch, or carbon disulpMde, according to §280, 8, (As 
to interference of thiocyanntes. see §234, j The chlorine is vaporised (from 
another portion) as vhlaru^hromU* tnihttdridr^ and the latter identifred by its 
color and its various products, as described in §269. Hd. Et?fore the "bromine 
is id en tided the iodine is to be either remmetl as ftre ittilint;, or oj^/ificrd to iodnte 
(5276, 8ii), The oxidation to iodic acid Is effected as follows: Treat with 
chlorine-water till free iodine no longer ^hows its color: add a drop or two 
more of the chlorine-water, and dilute with water, keepinp" cool: then add the 
carbon disulphide, ag-ltate and leave the solvent to settle, for the yellow color 
of bromine. The removal of free iodine may be accomplished as follows: Add 
chlorine- water* drop by drop* as loop- as .the iodine tint Beems to deepen by 
the addition; add the carbon disulphide, ap-itate, allow to subside* and remove 
the lower layer, either by taking- it nut with a pipette or by filtration through 
a wet filter. Repeat, if need be* till iodine color is no longer obtained: then 
continue, with dilute chlorine-water, in test for bromine. 

If iodide in large proportion is to be removed, it is well, first, to precipitate 
it out, as far as possible, by copper sulphate and a reducing agent {Note J7), 
The filtrate is then to be treated by either method a\)ove given. 

/6\ The separation by ammonium hydroxide, as a mlnnt of the $Uter pre- 
<'ipitatvft—AgCl . A^Br , Agl— when conducted with dilute onimonivim hydrox- 
ide, may be made etimplete between the chloride and the iodidcH, also between 
the bromide and the ioilirle, but it is very ini perfect between the bromide and 
the chloride. The hot and strong solutimi of ammonium acid carbonate 
f?eparates the chloride from the bromide (S260. 8a). 

/7, The direct rrmoro! of lodidefi h}! prrcipiUiikm, fearlntf bmmlfh^ ami f^hloridcs 
in mliitUm^ can be effected (approximately) by copper sulphate with sulphurouA 
acid (fi77t eOi or quite completely hy palladoua chloride (|106, 0)- 

IS. Chloric acid is separated from Tit^tlrtirhtttrk' atttl ail other avids of ehloHne^ 
brGmfm' and iodine (except from hypochlorous acid, and from traces of hn^mie 
acid), by remaining in solution during the precipitation by silver nitrate 
(1273, 5). 

i9. Chloric add is separated from nl^rfc acid — after finding that silver nitrfite 
UtvfM ttfi preHpitate In another portion of the solution, aeidnlated— by evaporat- 
ing and igniting the residue, then dissolving and testing one portion of the 
solution by Bllver nitrate for the ehJoride formed from chlorate during igni* 
tion (§273, 7). The other portion of the solution is tested for nitric or nitroim 
acid* 



* Ta eoateqacuce of tlu? rpl^tlre comiiiercUl v^aluea of bramme ktid Iodine^ mad the medloliiAl 
reUtlons of bmroldea and loildeft, it Is of ^reat Import a ace to search commercial iodides for 
InteatlODtil and considerable mlxtureB of bromides— an ttupurlty Itlcelj to eac«pe curaory 
choiBlcal ejtamlnntton. There ure, however, very j^Ift;''' and usually unobjeottonable propor- 
tiona of bromldf'n rre<]uentl)r to be found In tbe iodides of commerce, and ocourrf na: from tbe 
dlffloult? of «xact tepiirttlon fa the manufacture of Iodine ffom kelp. 
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20. If we have to separate chloric acid bolh from nitric and hifdrochlorie acid$y 
a solution of silver sulphate must be used instead of the nitrate, to precipitate 
out all the hydrochloric acid. The filtrate from this is evaporated, ignited, 
dissolved and tested for silver chloride, indicating chlorate in the orig-iual 
solution, and another portion is tested for nitric acid. Also, chlorates are 
distinguished (not separated) from nitrates^ by oxidation of ferrous sulphate 
in solution with acetic acid on heating, and the consequent formation of the 
red solution of ferric acetate (S9126, 6ft; 162; 223, 6). The solution tested must 
contain no free acids, and no nitrites or other oxidizing agents beside the two 
in question, but may contain chlorides; and, of course, the ferrous sulphate 
must be pure enough not to color when heated alone with the acetic acid. 
Mix the ferrous sulphate solution with the acetic acid, boil, then add the solu- 
tion to be tested, and heat nearly to boiling, for some minutes. If no red 
color appears, chlorates are absent, and nitrates may be present. 

21. Hypochlorites are separated with chlorates from chlorides (bromides), etc., 
by silver nitrate; and distinguished from chlorates (in the filtrate from A g Cl* 
etc.) by bleaching litmus, and by their much more rapid decomposition and 
consequent precipitation of any silver in solution. They are also more active 
than chlorates, as oxidizing agents. 

22. M. Dechan's method (§269, Si) consists (1) in boiling the mixture with a 
solution of 40 grammes of KzCt^Oj , dissolved in 100 cc. of water, which lib- 
erates and expels all of the iodine without disturbing the bromine and chlorine. 

5K,GraOT + OKI = Cr,0, + SK^CrO* + 31, 
(2) 8 cc. of a dilute solution of sulphuric acid (consisting of equal volumes of 
H.SO4 sp. gr. 1.84, and water) are added to 100 cc. of the dichromate solution, 
and on boiling, the bromine is distilled off without disturbing the chlorine- 
after which the chlorine is detected in the usual manner. For other methods 
of detecting chlorides in presence of bromides and iodides, see S269, 8. 

23. For A. Longi's process for the analysis of a mixture of chlorides, bro- 
mides, iodides, chlorates, bromates, iodates, ferrocyanides and ferricyanides 
see C. N„ 1883, 47, 209. 

24. In the detection of chlorides in presence of cyanides and thioc3'anates 
by the decomposition of the silver salts with concentrated sulphuric acid 
(S260, 8e), a drop or two of silver nitrate should be added to the precipitate 
before heating with the acid or a black precipitate will be obtained, apparently 
carbon. 

25. For the detection of a bromide in the presence of an iodide, the most 
satisfactory method is by the use of potassium chlorate and dilute sulphuric 
acid as described in §276, Sc. The student should carefully note the change 
in color of the solution. The first very dark color is due to the liberation of 
iodine. There is usually a sudden change of color on the complete oxidation 
of the iodine, but if much bromine be present the solution will be quite dark 
straw color. This should be tested with carbon disulphide and the heating 
continued if free iodine is still present. 

26. Arsenic acid should not be present when testing for a phosphate. If the 
arsenic acid be reduced to arsenous acid by sulphurous acid it will not interfere 
with the ammonium molybdate test for a phosphate. The excess of sulphur- 
ous acid must be removed by boiling before testing for the phosphate. Arsenic 
is best removed by precipitation as sulphide in the second group. 

27. Chromic acid is always identified by reduction and precipitation as 
chromic hydroxide, green, in the third group. The red or yellow color to the 
original substance usually gives evidence of the probable presence of the 
hexad chromium. The reduction is effected in the course of analysis by hydro- 
sulphuric acid with precipitation of sulphur. It is advisable to reduce all 
chromates by warming with hydrochloric acid and alcohol before proceeding 
with the analysis. Another portion of the substance may be reduced with 
.sulphuric acid and alcohol and tested for chlorides. 

2S. Mang^anates are readily decomposed by water with formation of KMnO« 
and MnO, . In the presence of a fixed alkaii the manganate solution is green 
and does not rapidly change to permanganate. The manganates and perman- 
ganates in solution are all dark colored (green, purple-red) and should be 
reduced by w^arming with hydrochloric acid before proceeding with the 
analysis. 
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§310, PRINCIPLES. 

Ill the follomng statements, the term salt includes only ca&cs where 
the metal acts as "a base, e.^., chromiimi salts incluile CrClg, not KjCrO^ , 
Only salts of ordinary metals are mcluded. 

1, Hydroxides when brought in contact with ackis form salts, provided 
they can be formed by any means m the presence of water. The same, 
is true of oxides. But Al^S^ and Cr.S^ are not formed in presence of 
water, (Some oxides after ignition fail to unite with all acids, e. g., SnO^ , 
Fe^Oa, AlgOjj, but by long boiling unite with a few acidic; while ignited 
Cr^Os is insoluhle in all acids), 

3. All Eitrates, chloratea and acetates are soluble, but salts of euprosum, 
bismuth, lin, antimony and the oxysalts of mercury require some free add 
to hold tliem in solution. 

3. All oxides and hydroxides are insoluble, except those of the alkalis, 
those of Ba, Sr and Ca ^liijlitly soluble. The fixed alkalis precipitate 
solutions of all other nietallie smalts, Ba , Sr and Ca incompletely. The 
precipitate with silver, antitnonosum and mercury is an oxide, with Sn^^ 
it is SnO(OH)^ , %?ith SV, SbO(OH)^, in all other eases a normal hydroxide. 
[At boiling heat instead of normal hydroxides other hydroxides are some- 
times formed, e. g., F6^0;,(0H)rt, and Cu30,(0H)^]. This precipitate re- 
dissolves in eight cases, forming, if potas^iuni hydroxide be used , , , 
K^PbO, , K,SaO, , K.SnO, , KSbO, , KSbO^ , K,ZnO, \ KAIO, , KCrO, . The 
last precipitates on boiling. 

4' Ammonium hydroxide precipitates solutions of the first four groups, 
manganese and magnesium imperfectly and not at all if ammoiiinm 
chloride be present. The precipitate is a normal hydroxidcj except that 
with Sn'^ it is SnO(OH), , with Sh\ SbO( OH), , with Ag and Sb"' the 
oxide, with Pb a basic salt, and with Hg a substituted mercuric ammonium 
compound, Hg' in addition forms 'Eg''. The precipitate rediesolves In six 
eases, viz,, silver, copper, cadmium, cobalt, nickel and zinc. With silver, 
NH.AgO is formed, with dne <NHJ,ZiiO, . 

5. The chlorides of the first group are insoluble, lead chloride slightly 
poluble, Hydroekloric acid and soluble cMorides precipitate solutions of 
salts nf the first group, lead salts incompletely, and normal lead =ialts are 
not prenipitated by mercuric chloride, (For action on higher oxides, etc., 
see ^269,^.1), 

6. The bromides of the first group are insoluble, lead bromide slightly 
soluble (less thjin the chloride), Hydrobromic acid and soluble bromides 
precipitate solutions of the salts of the first group, lead salts incompletely, 
(For action on hifrher oxides, etc,^ see §276, H/t), 

7. The iodides of lead, sil^^er, mercury and cuprosum are insoluble. 
Hydriodic acid and soluble iodidet preeipHate solutions of lead, silver. 
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mercury and cuprosum. Cupric salts are precipitated as cuprous iodide 
with liberation of iodine. Ferric salts are merely reduced to ferrous 
salts with liberation of iodine. Arsenic acid is merely reduced to arsen- 
ous acid with liberation of iodine. 

(Bismuth, stannous and antimonous iodides are really insoluble in water, and 
are readily formed by the action of hydriodie acid or soluble iodides on the dry 
or merely moistened salts. But the dissolved salts of these three metals fre- 
quently contain so much free acid that it prevents their precipitation by 
hydriodie acid or by soluble iodides. Arsenous iodide is decomposed by water. 
It may be formed from the chloride, best by adding hydriodie acid or a soluble 
iodide to a solution of arsenous acid in strong hydrochloric acid. Bismuth 
iodide is black; stannous, antimonous and arsenous iodides are yello"wish red.) 

8. The sulphates of lead, mercurosum, barium, strontium and calcium are 
insoluble, thos^e of calcium and mercurosum slightly soluble. Snlphuric 
acid and soluble sulphates precipitate solutions of lead, mercurosum, 
barium, strontium and calcium; calcium and mercurosum incompletely. 

9. (a) The sulphides of the first four groups are insoluble. Hydro- 
sulphuric acid transposes salts of the first two groups in acid, neutral, 
and alkaline mixtures, except arsenic, which is generally imperfectly 
precipitated unless some free acid or salt that is not alkaline to litmus 
paper be present. The result is a sulphide, but mercurosum forms. mer- 
curic sulphide and mercury, and arsenic acid forms arsenous sulphide and 
free sulphur. Ferric solutions are reduced to ferrous with liberation of 
sulphur. In acid mixture other third and fourth group salts are not 
disturbed, but from solutions of their normal salts traces of cobalt, nickel, 
manganese, and zinc are precipitated. (For action on higher oxides^ see 
§257, 6A). 

(h) Soluble sulphides transpose salts of the first four groups. The 
result is a sulphide, except that with aluminum and chromium salts it is 
a hydroxide, hydrosulphuric acid being evolved. With mercurous salts, 
mercuric sulphide and mercury are formed; with ferric salts, ferrous 
sulphide and sulphur. 

10. The carbonates of the alkalis are soluble. Carbonates of the fixed 
alkalis precipitate solutions of all other metallic salts. The precipitate is: 

a. An oxide with antimonous salts. 

6. A normal hydroxide with Sn", Al , Cr'" and Fe'"; with Sn^, SnO(OH)jj ; 
with Sb^ SbO(OH), . 

c. A normal carbonate with Ba , Sr and Ca salts and, if cold, with silver, 
mercurosum, cadmium, ferrosum and manganosum. 

d. A basic carbonate in other cases, except mercuric chloride, which 
forms an oxychloride. Carbonic is completely displaced by strong acids, 
for example, from all carbonates, by HCl , HClOgHBr , HBrOg , HI , HIO3 y 
HjC.O^, HNO3, H3PO4, H0SO4, and even by HoS , completely from 
carbonates of first four groups, incompletely from those of the fifth and 
sixth groups (N"andin and Montholon, C. r., ISTH, 83, 58). 
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11. All nonnal and di-metallic orthophosphates are insoluble except 
those of the alkalis. The normal and di-metallie phosphates of the alkalis 
precipitate solutions of all other salts. The precipitate is a normal, di- 
metallic, or basic phosphate, except that with mercuric chloride and with 
the chlorides of antimony it is not a phosphate, but an oxide, or an oxy- 
chloride. 

All phosphates are dissolved, or transposed by nitric, hydrochloric and 
sulphuric acids, and all are dissolved by acetic acid except lead, aluminum 
and ferric phosphates. All are soluble in phosphoric acid except those of 
lead, tin, mercury and bismuth. 

12. Ignition. — a. The oxides of lead and iron heated in the air to a red heat 
form Pb304 and FCaOj , but ^t a white heat form PbO and FCjO^ . Other 
oxides, if ignited in the air to a white heat, when changed, either take up 
or lose oxygen and leave ultimately the following: Ag, Hg, Au, Ft, 
SnO^, SbsOa, A82O3, Bi^Oa, CuO, CdO, FegO,, Cr^Os, AlA, Co.A, 
NiO , MbsO^ , ZnO , BaO , SrO , CaO , HgO , E^O , Na^O . In a few cases 
ignition at a lower temperature gives other results, e. g,, COjOs , BaOj , 
NajOz , SbjO^ , etc. 

&. Alkali hydroxides ignited in air at a white heat are not changed. 
Other hydroxides give same as in (a). 

c. Alkali carbonates ignited in air at a white heat are not changed. 
Other carbonates evolve CO2 and leave as in (a). 

d. Fixed alkali oxalates ignited at a white heat in absence of air are 
changed to carbonates, evolving CO . Ba , Sr and Ca oxalates and a few 
others at a red heat, in absence of air, form carbonates evolving CO , at 
a white heat these carbonates are changed to oxides evolving COj . All 
oxalates ignited in presence of air at a white heat are changed as in (a), 
except the fixed alkali oxalates which are left as carbonates. In all cases 
when air is present the CO bums to COj . 

e. All organic salts ignited at a white heat, in a current of air, leave 
residues as in (a), but forming carbonates if fixed alkalis are present. 
The products evolved depend upon the composition of the organic por- 
tion of the salt. 

13. The following acids may be made by adding sulphuric acid in 
excess to their respective salts and distilling: 

a. Carbonic from all carbonates. 
h. Nitric from all nitrates. 

d. Sulphurous from all sulphites. 

e. Hydrochloric from all chlorides except those of mercury. But sul- 
phuric acid transposes the chlorides of Ag, Sn and Sb with extreme 
difficulty, so that practically other methods are used to separate hydro- 
chloric acid from these metals. 



39G 



EQLAriONS. 



§320. Equations. 

It is recommended that in the class-room some attention be paid to the 
balancing of equations as representing the important analytical and synthetic 
operations, especially those involving oxidation and reduction. The work will 
be simplified by a careful study of §S216, 217 and 218 and application of the 
rule as illustrated there. When the time permits, the operations represented 
by the equations studied in the class-room should be performed by each 
student at his laboratory work-table. At first the teacher should select simpler 
equations illustrating analytical operations and the principles (§319). Later, 
the more difficult equations involving oxidation and reduction should be studied. 
The student should give the authority for every reaction. The accompanying 
list of equations is merely suggestive and may be expanded by the teacher as 
the time permits. In each equation the second substance is to be considered 
as in excess; that is, sufficient to produce the greatest possible chang^e in the 
first substance. For descnption and methods of making the basic salts used 
in this list, see Dammer's Anorganishe Chemie, 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

23. 

24. 
25. 
26. 

27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

40. 
41. 



Sb -f HNO, 
As, -f HNO, 
ASjO, -f HNO3 
Mn(OH), + PbO, -f HNO, 
MnSO« -f Pb.O, + H,SO, , dilute 
MnO, + KNO. -f- K,CO, , fusion 
S, 4- KNO, -f K2CO, , fusion 
MnS + KNO, -f- K2CO, , fusion 
Mn,0,x -f Pb,0, -I- HNO, 
Cr(OH), -f KNO, -f K,CO, , 

fusion. 
Pb,(AsO,), -f Zn + H,S04 , dilute 
CUsAs^Oy -f Zn -f H^SO, , dilute 
Pb(NO,), 4- Al + KOH 
Cu(NO,), -f- Al -f KOH 
Bi(NO,), -f Al -f- KOH 
Hg,o02(NO,)e 4- Al -f KOH 
MnS -f- Mn(NO,), + K,CO, , fus. 
Mn305 4- Pb3 0, 4- HNO, 
Fe 4- HaSO^ , con., hot. 
KI 4- KIO, 4- H,SO, , dilute 
MnSO, 4- KMnO, 4- H,SO, , dilute 
(NaCl 4- KaCrO, 4- H,SO,), dry, 

hot 
KNO, 4- FeSO, 4- H^SO, , con., 

cold 
K^Cr^OCCrO,), 4- HCl , hot 
Hg,0(NO,), 4- Al 4- KOH 
Ag,AsO« 4- SnCl, 4- HCl , «p. gr. 

1.18 
PbO,, 4- K^C.O, 4- H,S04 . dilute 
Pb,0« , white heat 
NaH.PO, , ignition 
Fe,0«(As0,), 4- FeS 4- HCl 
FeBr, 4- HNO, 
Sn 4- HNO, , hot 
KOH 4- Br, , hot 
Fel, 4- H.,SO, , sp. gr, 1.84, hot 
KBr 4- KBrO., 4- H^SO, , dilute 
FeSO, 4- KMnO, 4- H^SO, , dilute 
K^Cr^OCCrOJ, 4- KOH 4- Br, 
4Hg,0,(N,0J, 4- Al 4- KOH 
Ag,AsO, 4- SnClj 4- HCl , sp. gr. 

1.18 
CO2O, , ignition, white heat 
HjS 4- HNO, , sp. gr. 1.42, hot 



42. 
43. 
44. 
45. 

46. 

47. 
48. 
49. 

50. 

51. 

52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 

64. 
65. 
66. 

67. 
08. 
69. 
70. 



72. 
73. 
74. 
75. 
76. 
77. 

78. 
79. 



Hg,(A80,), 4-reS4-HCl 
Fe.OJAsO,), 4- KOBC 4- CI, 
Fel, -I- HNO, , sp. gr. 1 .48, hot 
Cr^CSOJ, 4- Cr(NO,), + K^CO, . 

fusion 
Pb.CAsOJ, 4- Zn 4- H,SO, , dilute 
KOH 4- CI, , cold 
KBr 4- KIO, 4- H^SO* , dilute 
(Cr^OHCl, 4- KjCrO^ 4- H,SO.), 

dry, hot 
Zn,d,(NO,), 4- FeSO, 4- H,SO, , 

concentrated, cold 
Hg,(AsOJ, 4- SnCl, 4- HCl, sp.ffr- 

1.18 
Mn,Os , ignition 

FesO^SO, 4- Zn -f HaSO^ , dilute 
Bi^S, 4- HNO, , dilute, hot 
Hg,AsO, 4- FeS 4- HCl 
Cr,(OH),SO, 4- KOH 4- CI, 
FeCHaPOJ, 4- HNO, 
Cr^O, 4- KCIO, 4- K^CO, , fusion 
Cu502(AsO«), 4- Zn -I- H,SO« , dil. 
KOH 4- CI3 , hot 

MUeOxi 4- KCIO, 4- KaCO, , fusion 
HIO, 4- SnCl, 4- HCl 
Bi,,0,3(NO,),o + FeSO, 4- S^SO, , 

con., cold 
CrO, , ignition 

KMnO, 4- HjCaO, 4- H,SO«, dilute 
FeAsO^ -f- SnCl, -f HCl , sp. gr. 1.18 
Fe,CU 4- FeS 4- HCl 
5CuO.As,0, 4- Fe 4- HCl 
HIO, 4- H.C.O, , hot 
(Cr,(OH),Cl 4- K,Cr,0, 4- H.SOJ. 

dry, hot 
Fe(N0,)2 4- FeSO^ 4- H,SO« , con., 

cold 
Ag.SO^ 4- Zn 

H,SO, 4- HNO, , sp. gr. 1.42 
FeAsO, + FeS 4- HCl 
PbCAsOj) . 4- KOH 4- CI, 
Fe(NO,), 4- HNO, 
Mn,0, 4- Mn(N0,)2 4- K.CO, , 

fusion 
Fe,0.(AsO,), + KOH 4- Br, 
Pb;oO,(OH).(NO,), 4- Al 4- KOH 
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§321. Problems in Synthesis. 

For the sake of a more thorough drill in the principles of oxidation and 
other reactions, a few problems are here given; a part of them the student 
should practically work at his table, but they are chiefly designed for class 
exercises. Special care should be taken that a pure product be formed and 
that the ingredients be taken from the sources indicated. In each case the 
authority for every step in the process should be stated. 

1. Silver oxide from metallic silver. 

2. Mercuric bromide from mercurous chloride and sodium bromide. 

3. Chromic chloride from potassium chromate and hydrochloric acid. 

4. Arsenic acid from potassium arsenite. 

5. Potassium arsenate from arsenous oxide and potassium hydroxide. 

6. Lead nitrate from lead chloride and potassium nitrate. 

7. Mercurous nitrate from mercuric chloride and sodium nitrate. 

8. Mercurous oxide from mercuric oxide. , 

9. Mercuric bromide from metallic mercury and potassium bromide. 

10. Lead nitrate from lead dioxide and potassium nitrate. 

11. Lead chromate from lead hydroxide and chromium hydroxide. 

12. Barium chromate from chrome alum and barium carbonate. 

13. Mercuric chromate from mercuric sulphide and chromium hydroxide. 

14. Chromium sulphate from potassium dichromate and zinc sulphide. 

15. Phosphoric acid from sodium phosphate. 

16. Phosphorus from calcium phosphate. 

17. Lead iodate from sodium iodide and lead sulphide. 

18. Silver iodate from silver chloride and iodine. 

19. Ferric arsenate from ferrous sulphide and arsenous oxide. 

20. Mercuric bromide from mercuric sulphide and sodium bromide. 

21. Ammonium sulphate from ammonium chloride and sulphur. 

22. Sodium chloride from commercial salt. 

23. Phosphorus from sodium phosphate. 

24. Lead sulphide from trilead tetroxide and ferrous sulphide. 

25. Ferrous sulphate from ferric oxide and sulphuric acid. 

26. Ammonium hydroxide from potassium nitrate. 

27. Cadmium sulphate from cadmium phosphate and ferrous sulphide. 

28. Mercurous nitrate from mercuric sulphide and nitric acid. 

29. Barium sulphate from potassium thiocyanate and barium chloride. 

30. Mercurous chloride from mercuric oxide and sodium chloride. 

31. Sodium iodate from potassium iodate and sodium chloride. 

32. Sodium phosphate from calcium phosphate and sodium chloride. 

33. Strontium nitrate from sodium nitrate and strontium sulphate. 

34. Potassium sulphate from potassium nitrate and sulphur. 

35. Barium slilphate from barium chloride and zinc sulphide. 

36. Potassium permanganate from manganese dioxide and potassium nitrate. 

37. Arsenous chloride from lead arsenate and sodium chloride. 

38. Potassium chromate from potassium nitrate and lead chromate. 

39. Potassium iodide from potassium chloride and iodine. 

40. Barium chlorate from sodium chloride and barium nitrate. 

41. Arsenous sulphide from arsine and ferrous sulphide. 

42. Copper sulphate from copper sulphide. 

43. Silver nitrite from silver chloride and sodium nitrate. 

44. Cuprous chloride from metallic copper and sodium chloride. 

45. Manganous carlwnate from manganese peroxide and sodium carbonate. 

46. Manganous pyrophosphate from manganese peroxide and ammonium phoF 

phate. 

47. Lead arsenate from lead sulphide and arsenous oxide. 

48. Bismuth subnitrate from metallic bismuth and nitric acid. 

40. Barium perchlorate from sodium chloride and barium hydroxide. 
50. Lead iodate from metallic lead and iodine. 
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§322. Table of Solubilities.* 

Showing the classes to which the compounds of the commonly occurring elemenU 
belong in respect to their solvbility in water, hydrochloric acid, 
nitric acid, or aqua regia. 

Preliminary Remarks. 

For the sake of brevity, the classes to which the compounds belong are 
expressed in letters. These have the following signification: 

W or w, soluble in water. 

A or a, insoluble in water, but soluble in hydrochloric acid^ nitric acid, 
or in aqua regia. 

I or i, insoluble in water, hydrochloric acid, or nitric acid. 

Further, substances standing on the border-lines are indicated as fol- 
lows: 

W — A or w — a, difficultly soluble in water, but soluble in hydrochloric 
acid or nitric acid. 

W — ^I or w — i, difficultly soluble in water, the solubility not being 
greatly increased by the addition of acids. 

A — I or a — i, insoluble in water, difficultly soluble in acids. 

If the behavior of a compound to hydrochloric and nitric acids is essen- 
tially different, this is stated in the notes. 

Capital letters indicate common substances used in the arts and in 
medicine, while the small letters are used for those less commonly occur- 
ring. 

The salts are generally considered as normal, but basic and acid salts, 
as well as double salts, in case they are important in medicine or in the 
arts, are referred to in the notes. 

The small numbers in the table refer to the following notes. 

Notes to Table of Solubilities. 

(1) Potassium dichromate, W. (2) Potassium borotartrate, W. (3) Hydro- 
gen potassium oxalate, W. (4) Hydrog-en potassium carbonate, W. (5) Hydro- 
g-en potassium tartrate, W. (6) Ammonium potassium tartrate, W. (7) 
Sodium potassium tartrate, W. (8) Ammonium sodiiim phosphate, W. (9) Acid 
sodium horntp W. (10) Hydropen sodium carbonate, W. (11) Tricalcium 
phosphate, A. (12) Ammonium mafruesium phosphate, A. (13) Potassium 
aluminum sulphate, W. (14) Ammonium aluminum sulphate, W. (15) Potas- 
sium chromium sulphate, W. (10) Zinc sulphide, as sphalerite, soluble in 
nitric acid with separation of sulphur: in hydrochloric acid, only upon heating-. 
(17) Manganese dioxide, easily soluble in hydrochloric acid: insoluble in nitric 
acid. (18) Nickel sulphide is rather easily decomposed by nitric acid; very 
difficulty by hydrochloric acid. (19) Cobalt sulphide, like nickel sulphide. 
(20) Ammonium ferrous sulphate, W. (21) Ammonium ferric chloride, W. 

• The following table of solubilities, is taken from Fresenius Qualitative Analyals, Well'ft 
translation of 16th German edition. 
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(22) Potassium ferric tartrate, W. (23) Silver sulphide, only soluble in nitric 
acid. (24) Minium is converted by hydrochloric acid into lead chloride; by 
nitric acid, into soluble lead nitrate and brown lead peroxide which is insoluble 
in nitric acid. (25) Tribasic lead acetate, W. (26) Mercurius solubilis Hahne- 
manni, A. (27) Basic mercuric sulphate, A. (28) Mercuric chloride-amide, A. 
(29) Mercuric sulphide, not soluble in hydrochloric acid, nor in nitric acid, but 
soluble in aqua regia upon heating. (30) Ammonium cupric sulphate, W. 
(31) Copper sulphide is decomposed with difficulty by hydrochloric acid, but 
easily by nitric acid. (32) Basic cupric acetate, partially soluble in water, and 
completely in acids. (33) Basic bismuth chloride, A. (34) Basic bismuth 
nitrate, A. (35) Sodium auric chloride, W. (36) Gold sulphide is not dissolved 
by hydrochloric acid, nor by nitric acid, but it is dissolved by hot aqua regia. 
(37) Potassium plantinic chloride, W — I. (38) Ammonium platinic chloride, 
W — I. (39) Platinum sulphide is not attacked by hydrochloric acid, is but 
slightly attacked by boiling nitric acid (if it has been precipitated hot), but 
is dissolved by hot aqua regia. (40) Ammonium stannic chloride, W. (41) 
Stannous sulphide and stannic sulphide are decomposed and dissolved by hot 
hydrochloric acid, and are converted by nitric acid into oxide which is insoluble 
in an excess of nitric acid. Sublimed stannic sulphide is dissolved only by hot 
aqua regia. (42) Antimonous oxide, soluble in hydrochloric acid, not in nitric 
acid. (43) Basic antimonous chloride, A. (44) Antimony sulphide is com- 
pletely dissolved by hydrochloric acid, especially upon heating; it is decom- 
posed by nitric acid, but dissolved only to a slight degree. (45) Calcium 
antimony sulphide, W — A. (46) Potassium antimony tartrate, W. (47) Hydro- 
gen calcium malate, W. 
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§323. Reagents.* 

During the past two years the reagents for use in qualitative chemical 
analysis at the University of Michigan have been made up on the basis 
of the normal solution; i. e., the quantity capable of combining with one 
gram of hydrogen or with its equivalent is taken in a litre for the normal 
solution. For example: Normal potassium hydroxide, KOH , requires 56.1 
grams per litre of solution (not 56.1 grams to a litre of water), but the usual 
pure product contains about ten per cent of moisture, so it is directed to 
use 62.3 grams or 312 grams for a solution five times the normal strength, 
5N. Barium chloride, BaCl2.2H20 , has a molecular weight of 244.2, but 
the hydrogen equivalent is (244.2 -f- 2) 122.1, so for a litre of half -normal 
solution, N/2, take 61 grams. 

In the following list of reagents, in the parenthesis immediately follow- 
ing the formula are given the grams per litre necessary for a solution 
of the strength indicated. Fresenius' standard follows the parenthesis. 

Acid, Acetic, HCaH.O, (300, 5N), sp. gr. 1.04, 30 per cent acid. 

Arsenic, HjAsO^.V^ H..0 (15, Vs HaAsO^ -^ 5). 

Fluosilicic, H.SiF. , §247. 

Hydrobromic, HBr (40, N/2). 

Hydriodic, HI (64, N/2). 

Hydrochloric, HCl (182, 5N, sp. gr. 1.084), ap. gr. 1.12, 24 p. c. acid. 

Hydrosulphuric, HjS , saturated aqueous solution, S257, 4. 

Iodic, HIO, (15, Va, HlO.-r- 6). 

Nitric, HNO3 (315, 5N. «p. gr, 1.165), sp. gr. 1.2, 32 p. c. acid. 

Nitrohydrochloric, about one part of concentrated HNO, to three parts 
HCl. 

Nitrophenic, ChH3(N0J:,0H (picric acid). 

Oxalic, 'E.^CiO^.^TEL^O , crystals dissolved in 10 parts water. 

Phosphoric, HsPO^ (16, N/2). 

Sulphuric, H3SO4 , concentrated, sp. gr. 1.84. 

Sulphuric, dilute (245, 5N, sp. gr. 1.153), one part acid to five parts "water. 

Sulphurous, H-.SO, , saturated aqueous solution. 

Tartaric, HaC2H40, , crystals dissolved in three parts water. 
Alcohol, CjHoO , sp. gr. 0.815, about 05 p. c. 
Aluminum Chloride, AlCl, (22. N/2). 

Nitrate, Al(NO,)a.7y2H.O (58, N/2). 
Sulphate, AlJSOJj.lSH.O (55, N/2). 
Ammonium Carbonate, (NH4)2CO, (240, 5N), one part crystallized salt in four 

parts water, with one part ammonium hydroxide. 
Ammonium Chloride^ NH4CI (267, 5N). one part salt in eig-ht parts water. 

Hydroxide, NH4OH (85NH, , 5N, sp. gr. 0.964), sp. gr. 0.96, 10 p. c. 

NH, . 
Ammonium Molybdate, (NH4)«Mo04 (36MoO, , N/2, §75, 6(f), 150 g. salt in one 

litre of NH4OH. pour this into one litre of HNO, , sp. gr. 1.2. 
Ammonium Oxalate, (NH4)2C204.2HjO (40, N/2), one part crystallized salt in 

24 parts water. 
Ammonium Sulphate, (NH4)jS04 (33. N/2). 

Sulphide, (NH4)2S, colorless, three parts NH4OH , saturate with 

H3S and add two parts of NH«OH . 

• In the greater number of cases, reagents should be " chemically pure." Different uses 
require different degrees of purity. An article of sodium hydroxide contaminated with 
chloride may be used in some operations ; not in others. Those who have had training in 
analysis can do without specific directions, which cannot be made tr» cover all circumstances; 
and the beginner must depend on others for the selection of rea^rentp. 
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Ammonium Sulphide, (NH4),Sx , yellow, allow the colorless to stard for some 

time or add sulphur. 
Antimonic Chloride, SbClfi (30, N/2). 
Antimonous Chloride, SbCl. (38, N/2). 

Arsenous Oxide, ASjOg (8, N/4), saturated aqueous solution. 
Barium Carbonate, BaCO, , freshly precipitated. 

Chloride, BaCl,.2HsO (61, N/2), one part salt to 10 parts water. 
Hydroxide, Ba(OH)s.8H20 (32, N/5), saturated aqueous solution. 
Nitrate, Ba(NO.), (65, N/2), one part to 15 of water. 
Bismuth Chloride, BiCl. (52, N/2, use HCl). 

Nitrate, Bi(N0.)..5H,0 (40, N/4, use HNO,). 
Cadmium Chloride, CdCl, (46, N/2). 

Nitrate, CdiNO,),.4HaO (77, N/2). 
Sulphate, CdS0«.4H,0 (70, N/2). 
Calcium Chloride, CaClj.eHsO (55, N/2), dissolve in 5 parts water. 
Hydroxide^ Ca(OH), , a saturated solution in water. 
Nitrate, Ca(N0,),.4H,0 (59, N/2). 
Sulphate, CaS04.2H20 , a saturated solution in water. 
Carbon Bisulphide, CS, , colorless. 
Chromic Chloride, CrCl, (26, N/2). 

Nitrate, Cr(NO,), (40, N/2). 
Sulphate, Cr,(S0«)|.18H,0 (60, N/2). 
Cobaltous Nitrate, Co(NO.),.6HaO (73, N/2), in 8 parts of water. 

Sulphate, CoS04.7H20 (70, N/2). 
Copper Chloride, CuCl3.2H,0 (43, N/2). 

Nitrate, Cu(NO,)j.6HjO (74. N/2). 
Sulphate, CUSO4.5H2O (62, N/2), in 10 parts water. 
Cuprous Chloride, CuCl (50, N/2, use HCl). 
Ferric Chloride, FeCl, (27, N/2), 20 parts water to one part metal. 

Nitrate, Fe(NO,),.9H20 (67, N/2). 
Ferrous Sulphate, FeS04.7H30 (80, N/^, use a few drops of H^SO^ . 
Gold Chloride, HAUCI4.3H2O , solution in 10 parts water. 
Hydrogen Peroxide, 3 p. c. solution. 
Indigo Solution, 6 parts fuming H3SO4 to one part indigo, pulverize, stir and 

cool, allow to stand 48 hours and pour into 20 parts water. 
Lead Acetate, Fb(C3H|0,)3.3H30 (05- N/2), dissolve in 10 parts of water. 
Chloride, PbCl, , saturated sohnion, N/7. 
Nitrate, Pb(NO,), (83, N/2). 
Magnesia Mixture: Mg^04 , 100 g.: NH4CI , 200 g.; NH4OH , 400 cc; H,0 , 800 

cc. One cc. = 0.01 g. P. 
Magnesium Chloride, MgCl,.6H20 (51, N/2). 

Nitrate, Mg(NO,)3.6H,0 (64, N/2). 

Sulphate, MgS04.7H20 (02, N/2), in 10 parts of water. 
Manganous Chloride, MnCl3.4H30 (50, N/2). 

Nitrate, Mn(NO,),.OH,0 (72, N/2). 
Sulphate, MnS04.7H,0 (09, N/2). 
IFercuric Chloride, HgCl, (08, N/2), in 16 parts of water. 
Nitrate, Hg(NO,), (81, N/2). 
Sulphate, HgS04 (74, N/2). 
Mercurous Nitrate, HgNO, (131, N/2), one part salt, 20 parts water and one 

part HNO, . 
Nickel Chloride, NiCl,.6H,0 (59, N/2). 

Nitrate,%Ni(NO,),.OH,0 (73, N/2). 
Sulphate, NiSO^.OH^O (00, N/2). 
Palladous Sodium Chloride, Na..PdCl, , in 12 parts water. 
Potassium Arsenate, K.AsO« (20. i/> K,As04 -f- 5). 
Arsenite, KAsO, (24, 1/0 KAsO, -f- 3). 
Bromate, KBrO, (14, % KBrO, -r- 6). 
Bromide, KBr (00, N/2). 
Carbonate, K,CO, (207, 3N). 
Chlorate, KCIO, , the dry salt. 
Chloride, KCl (37, N/2). 
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Potusiiim Chrvmate, XxCzO. (49. X, 2). in 10 parts water. 
Cyanide, XCM (33. N, 2), in four parts water. 
Dichromate. K.Cr,OT <3>. ^2- 1^Ct,Oj -i- 4). in 10 parts water. 
Ferrocyanide, K«Pe(CH),.iH,0 (53. N/2). 12 parts water. 
Ferricyanide. X,Fe(CV), (55. N/2), in 10 parts water. 
Hydroxide, KOH (3 12 [9 p. c. KOH], 5N). 
lodate, KIO, (1^. >2 KIO, -i- 6). 
Iodide, KI (S3, N/2), dissolve in 20 parts water. 
Kercnric Iodide, X,HgI« . Nessler*s solution. 9807, 6k. 
Hitrate, KHO, (50, N\ 2>, the crystallized salt. 
Hitrite, KHO^ . the dr>- salt. 
Pyroanttmonate, X,H^Sb.Or.6HsO . see 970, 4c. 
Permanganate, KMiiO« (16, i, KMiiO« -r- 5). 
Thiocyanate, KCKS (49. N/2), in 10 parts water. 
Hydrogren Sulphate, KH80« , fused salt. 
Sulphate, K,SO« (44. N/2), in 12 parts of water. 
Platinic Chloride, H.PtCU.eHzO . in 10 parts of water. 
Silver Hitrate, AgHO, (43, N/4), in 2u parts of water. 

Sulphate, Ag:SO« , saturated solution. N/13. 
Sodium Ajcetate, 'SeLCi^^Ot.3^jO , in 10 parts of water. 

Carbonate, Ha,CO, (159, 3N), one part anhydrous salt or 2.7 parts of 

the crvstals, SfasCO,.10HsO , in 5 parts of water. 
Chloride, HaCl (29, N72). 

Tetraborate, HasB^Or.lOHsO. borax, the crystallized salt. 
Hydroxide, HaOH (220 [90 p. c. HaOH]* 5N), dissolve in 7 parts of 

water. 
Hypochlorite HaClO, 9270, 4. 
Hitrate, NaHO. (43, N/2). 

Phosphate, Na^HPO^.ieHsO (60, N/2), dissolve in 10 parts of water. 
Phosphomolybdate, 975, 6(f. 
Sulphate, (35, N/2). 
Sulphide, Ha^S , one part HaOH saturated with HjS to one part of 

HaOH , unchanged. 
Acid Sulphite, the dry salt. 

Sulphite, Ha2SO,.7H,0 (63, N/2), in 5 parts of water. 
Acid Tartrate, HaHC4H40« , in 10 parts of water 
Thiosulphate, Ha.S^O^.SHsO , in %0 parts of water. 
Stannic Chloride, SnCl^ (33, N/2). 
Stannous Chloride, SnCl2.2H.O (56, N/2), in 5 parts water strongly acid with 

HCl. 
Strontium Chloride, SrCl2.6H,0 (67, N/2). 
Hitrate, Sr(HO,), (53, N/2). 
Sulphate, SrSO« , a saturated aqueous solution. 
Zinc Chloride, ZnCl, (34, N/2). 

Hitrate, Zn(HO,),.6H20 (74, N/2). 
Sulphate, ZnSO^.TH^O (72, N/2). 
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anhydride 149 

Chlorous acid, formation and de- 
tection 338 

properties of 337 

Chromates 150 

in test for HCl 149 

reduction of, by hydrochloric 

acid 149 

reduction of by H,S 149 

us I* ki tic par lit ion of barium.... 207 

with antimonous salts 78 

with As'" 149 

with ferrous salts 158 

Chromic acid, detection of 150 

formation of 149 
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Chromium 147-151 

distinction from aluminum 148 

estimation of 150 
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ammonium hydroxide 162 

and mnng'nnese in third group 

separation 163 

metal, solubility of 147 

occurrence of 147 

oxidation of 150 

oxides and hydroxides 147 

oxide, solubilities of 147 

preparation of 147 

properties of 147 

reduction of 150 

salts, solubilities of 147 

salts, reacti(m of 148 

separation from Al and Fe by 

H,0, 150 

separation from fourth group.. 148 
separation from Fe by NasSsO, 

and NEsSO, 145 

Cliromous salts 148 

Clnchonine as a test for bismuth. 102 

Citric acid 251-252 

detection of oxalic acid in 2.')L 

distinction from tartaric 2:)1 

properties and reactions 251 

Colloidal sulphides of the fourth 

group 184 

Colory flame tests 3G5 

Columbium, distinction from Ti.. 201 

properties and reactions 193 

separation from tantalum 193 

Cobalt 163-168 

bead test 167 

cobalticyanide separation from 

nickel 166 

detection of 168 

detection of in presence of Ni 

by HjC, 185 

estimation of ir>8 

hydroxide 161 

metal, solubilities of 104 

nitrate, effect of ignition with., ai).') 

occurrence of l'>4 

oxidation of lOS 

oxides and liydroxides I'U 

phosphate, a distinction from Ni 107 

preparation of 164 

properties of 163 

reduction of 108 

salts, solubilities of 104 

salts, with alkalis 105 

salts, with barium carbonate... 105 
separation from nickel by ether 164 
separation from nickel by KNO, 100 
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separation from nickel by ni- 

troso-y?-naphthol 166, 183 

Colloidal sulphides of fourth g^roup 184 

Color, flame tests 365 

distinction from Ti 201 

Columbiuniy properties and reac- 
tions of 193 

distinction from Ti 201 

separation from tantalum 198 

Copper 104-110 

acetoarsenite lOS 

analysis of, notes *. . 12j^ 

arsenite 10!< 

compounds with cyanogen 107 

detection of 109 

detection of, in alloj's 367 

detection of traces of, with H,S 108 

detection of. with HBr 108 

electrical conductors 104 

estimation of 109 

ferrocyanide, formation of 107 

group, metals of 56, 100 

hydroxide of 104 

occurrence of 104 

oxides of 1P4 

precipitation of, by iron wire... 109 

preparation of 104 

properties of 104 

reactions of, comparison with 

Bi and Cd 112 

reduction by ignition 109 

reduction of, by KCNS 107 

salts, detection by potassium 

xanthate 107 

salts, reaction with zinc-plati- 
num couple 109 

salts, reduction of, with HsPO, . 107 
salts, separation of, from Cd by 

Na^P.GT *. 107 

salts, solubilities of 105 

separation of, from Bi by gly- 
cerol 101 

separation of, from Cd by gly- 
cerol 105 

separation of, from Cd by 

NaaSoOn and NaaCO, m 

separation from Cd by nitroso- 

^-naphthol 107 

separation from Cd by ammo- 
nium benzoate 107 

separation from Pd 106 

traces, loss of 115 

traces of, with K^Fe(CN)e 107 
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Gream of tartar, formatiou of.... 252 

Cupramxnoniiim salts 106 

Oupric hydroxide in NH4OH 105 

hydroxide, effect of boiling 106 

h,>'droxide, formation of 106 

hydroxide, with glucose 106 

hydroxide, with tartrates. . .105, 106 

salts, reaction with glucose 105 

salts, reaction with iodides 108 

salts, reaction with Na,S,0, 108 

salts, reduced by SO, 108 

sulphide colloidal 103 

sulphide, formation of 107 

sulphide, separation from Cd by 

HjSO, 108 

sulphide, solubility in (NH4),S,. lOS 

sulphide, solubility in KCN 108 

sulphide, with K,S 115 

sulphide, with (NH4),S, 115 

Cuprous iodide 108 

oxide, formation of, by glucose. 105 

salts, oxidation of, by As^Os 110 

salts, separation, from Cd by S. 107 
salts, with metallic sulphides... 107 
sulphide, formation by NajSaOa. 108 

thiocyanate, formation of 107 

Cyanates, detection of, in presence 

of cyanides 271 

Cyanic acid 271 

Cyanide of silver, distinction from 

chloride 265 

Cyanides, detection as thiocyan- 
ate 267 

double, dissociated by acids 264 

double, not dissociated by acids. 265 

estimation of 267 

guaiacum test > 267 

ignition of 266 

preparation of 264 

reactions with 264 

simple, with mineral acids 265 

solubility of 264 

transposition by acids 267 

Cyanogen properties and reac- 
tions 263 

Danger and Flandin, detection of 

arsenic 69 

Decompositioii of orpranic mate- 
rial 302, 363 

Dialysis, separation from organic 

material by 363 

DidTinium 194 

PH)lienylamine test for nitric acid 281 
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Dithionic acid, formation and 

properties 314 

Dragendorfl's reagent 102 

Electrolytic dissociation 21 

Epsom salts 304 

Equations illustrating oxidation 

and reduction 396 

rule for balancing 239 

Erbium. 195 

Ethyl acetate, odor of 250 

Everett's salt 154 

Eatty material, removal of 363 

Ferric acetate, formation of 250 

acetate, separation of from chro- 
mium 154 

basic nitrate, separation from 

aluminum 158 

and ferrous compounds, distinc- 

t ion 162 

hydroxide, antidote for arsenic. 62 

phosphate, formation of 156 

salts, detection of traces 155 

salts, with acetates 154 

salts, with BaCO, 153 

salts, with HI and iodides 158 

salts, with H,S 157 

salts, with H^PGa 156 

salts, with K,Ee(CN), 155 

salts, with K,Ee(CN), 155 

salts, with KCNS 155 

salts, with stannous chloride 89 

salts, separation from ferrous 
sulphate 153 

Ferric thiocyanate, distinction 

from ferric acetate 154 

hindrance to reactions of 155 

Ferricyanides, in distinction be- 
tween Co and Ni T66 

reactions of 270 

Ferrocyanides, detection of 269 

detection and estimation 271 

reactions of 268 

Ferrous iron, detection of, in 

ferric salts 155 

in the third group 161 

in the third group with phos- 
phates 189 

salts, traces in ferric salts 155 

salts, with chromates 158 

salts, with HNO, 156 

salts, with KCN 154 
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Ferrous salts, with B:,Pe(CN), 155 

salts, with K^FeCCN), 154 

sulphate, with gold salts 93 

First group metals, table of 52 

Fixed alkalis 221 

alkali hydroxides on stibine .... 79 

alkalis with salts of tin 84 

Flame, blowpipe, production of... 364 

or color tests 373 

oxidizing and reducing 363 

reactions with copper salts 109 

Fluorides, solubilities of 289 

Fluorine 288 

Fluosilicates, formation of 289 

Fluosillcic acid 247-248 

in detection of potassium 225 

in separation of Ba , Sr and €a. 207 
Formates, formation from cyan- 
ides 206 

Fourth group, directions for anal- 
ysis 184 

reagents 141 

^sulphides colloidal 184 

table of 183 

Fresenius and Babo, detection of 

arsenic 68 

Froehde's reagent 90 

Fulminating gold 92 

Gallium (eka-aluminium) 195 

Gases, absorption of by palladium 131 
Germanium, properties and reac- 
tions 136 

sulphide 118 

Glass, etching b^*- hydrofluoric 

acid 280 

Glauber's salts 304 

Glucinum (Beryllium) 195 

distinction from yttrium 202 

separation from aluminum 196 

separation from cerium 193 

Glucose, in formation of cuprous 

oxide 105 

€k)ld 91-93 

detection in alloys 367, 308 

detection of 93 

distinction from Pd 132 

estimation of 93 

fulminating 92 

notes on analysis 123 

occurrence, properties, etc 91 

reduction by ferrous sulphate... 93 

reduction with oxalic acid 92 

salts with alkalis 92 

salts with stannous chloride. ... 89 
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Gypsum 213 

Halogens 9 

as oxidizers 330 

compounds, comparative table of 361 
hydracids as reducers 330 

Heat, upon substances in closed 

tubes ;i64, 370 

upon substances in open tubes. 

364, 371 

Hydriodic acid 353-356 

action on antimonic salts 78 

action on arsenic salts 61 

action on ferric salts 15S 

as a reducer 354, 355 

formation of 353 

Hydrobromic acid 344-348 

detection of Cu with 108 

formation of 345 

occurrence of 345 

preparation of 345 

properties of 345 

reactions of 345 

Hydrochloric acid 330-336 

action on SbjSs 77 

action on bismuth nitrate 102 

effect of excess in second grou]>. 113 

formation of 331 

formation from MgCl. 216 

gas on arsenic sulphide 07 

occurrence of 331 

preparation of 331 

properties of 330 

reactions with 332 

solubilities of .'*.31 

Hydrocyanic acid 263-267 

formation of 264 

occurrence of 264 

on PbOa 264 

preparation of 204 

properties of 263 

solubilities of 264 

Hydroferricyanic acid 269-271 

Hydroferrocyanic acid 267-269 

separation from hydroferri- 
cyanic acid 269 

Hydrofluoric acid 2S9 

Hydrofluosilicic acid (fluosilioic 

acid) 289 

Hydrogen 243-244 

absorption by Pd sponge 131 

dot ect ion of 244 

estimation of 244 
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Hydrogen, formation of 243 

nascent 244 

occluded 244 

occurrence of 243 

preparation of 243 

properties of 243 

reactions with 243 

reducing action of, with ignition 244 

sohibilities of 243 

peroxide, detection of 287 

peroxide, estimation of 287 

peroxide, estimation of bismuth 

with 104 

peroxide, formation ot 286 

peroxide, occurrence of 286 

peroxide, on sulphides of arsenic 

and antimony 120 

peroxide, preparation of 286 

peroxide, properties of 285 

peroxide, reactions with 286 

peroxide, reagent to separate Co 

from Nl 185 

peroxide, separation from ozone 237 
peroxide, separation of Al , "Fe 

and Cr with 150 

peroxide, solubilities of 286 

peroxide, with arsenic 71 

Hydronitrlc acid 274-275 

Hydrosulphuric acid 306-311 

action on copper salts 107 

action on ferric salts 157 

aqueous solution 11. J 

dissociation of 114 

formation of . •. 307 

gas as a reagent 113 

gas on antimony 67 

gas on arsenic 67 

occurrence of 307 

on aluminum salts 145 

on stannic salts 86 

on stannous salts 85 

on third and fourth group 

salts 141, 161 

preparation of 307 

properties of 306 

uses as a reagent 308 

with arsenic acid 114 

with oxidizing agents 114 

Hydrosulphurous acid 314 

Hydroxylamine, formation and 

properties 278 

Hypobromous acid, formation and 

properties 348 

Hypochlorites, detection of 392 

formation of 337 
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chlorine 329 

on arsenic < 66 

Hypochlorous acid 337 

Hypoiodous acid, existence of.... 351 

Hyposulphites, detection of 296 

ignition of 296 

Hypophosphltes in formation of 

PH, 296 

Hypophosphoric acid 293 

Hypophosphorous acid 295-297 

estimation of 297 

formation of 295 

preparation of 296 

properties of 295 

reactions of 296 

solubilities of 296 

with bismuth salts 102 

Hyposulphurous acid 314 

Imperial green 108 

Indigo test for nitric acid 281 

Indium 196 

Ink, sympathetic 154 

lodates, detection of 359 

estimation of 359 

formation of 359 

ignition of 357 

reactions of 358 

Iodic acid 357-359 

formation of 357 

preparation of 357 

properties of 357 

reactions of 358 

Iodide of nitrogen 351 

Iodides, decomposition by HNO, . 281 

detection as Pdl, 131 

detecticm of 356 

estimation of 356 

formation of 353 

ignition of 356 

occurrence of 353 

reactions of 354 

separation of, from bromides 

and chlorides by KMnOt 176 

solubilities of 353 

Iodine 350-352 

detection of 352 

estimation of 352 

formation of 351 

liberation by copper salts 108 

occurrence of 351 

on antimonous salts 78 

on antimony 66 
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preparation of 352 

properties of ^ 350 

reactions of 351 

separation from Br by Pd 131 

solubilities of 351 ; 

lens 21 : 

Ionization and solution 20, 24 | 

Iridium 132-133 

Iron 151-159 

and adnc groups 140 

detection of 162, 163 

detection of traces in copper... 154 

detection of traces 154, 155 

estimation of 159 

group 142 

group, separation from Co , Ni , 

and Mn by ZnO 15S 

hydroxides 152 

in relation to metals 6 

occurrence of 151 

oxidation of 159 

oxides 152 

preparation of 151 

properties of 151 

reduction 159 

salts, igTiition of 158 

salts, solubilities of 153 

salts, with alkalis 153 

salts, with nitroso-/?-naphthol.. 154 
salts, separation from Al as 

basic nitrate 158 

separation from Al and Cr by 

nitroso- /?-naphthol 154 

separation from Cr and Al 154 

separation from Ni by xanthate 170 
solubilities of 152 

Lanthanum lor 

Lead 29-30 

acetate, properties of 32 

chloride 34 

chloride, precipitation of 53 

chromate, formation of 3.') 

compounds, ig^nition of 35 



detection in alloys 
detection of 
estimation of 

in the test for Al 1(J3 

iodide, formation and proper- 
ties 35 

notes on analysis of 127 

occurrence of 29 

oxidation and reduction 36 

oxides of 29 



307 
30 
36 



piin 

Lead oxides, solubilities of 30 

preparation of 29 

properties of 29 

red 29 

relation to nitrogren family 7 

salts, reactions 32,35 

salts, solubilities of 31 

solubilities of metallic 30 

sulphate, formation and proper- 
ties of 34 

sulphide, formation and proper- 
ties of 33 

tests for 54 

Leblanc-soda process 259 

Lithium 234-236 

Lime, slacked 211 

stone (CaCO, ) 213 

Light, action on silver salts 50 

Magnesia mixture 145 

Magnesium 214-216 

as a reducing agent 2I6 

detection of 2I6 

estimation of 2I6 

hydroxide, formation 214 

occurrence of 214 

oxalate, separation of, from K 

and Na 215 

oxide, formation of 214 

preparation of 214 

properties of 214 

removal for detection of sodium. 236 

salts, with ammonium salts 215 

salts, with arsenic acid 61 

salts, with Na^S 215 

salts, solubilities of 214 

Malachite 104 

Manganates, identification 392 

Manganese 172-177 

detection of, 176, 186 

estimation of 177 

hydroxides of 172 

hydroxides, solubilities of 173 

ignition of 176 

in third group 161, 163, 184 

occurrence of 172 

oxidation of 177 

oxidation to permanganic acid.. 175 

oxides 172 

oxides, solubilities of 173 

preparation and properties 172 

reduction of 177 

reduction by sulphites 175 

salts, reactions with oxalic acid. 174 
salts, solubilities of 173 
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ICanganese salts, with alkalis.... 174 

salts, with sulphides 1T5 

separation from zinc with acetic 

acid 184 

solubilities of 173 

with KI 176 

Manganic acid 172 

Marsh's test 62 

Mass action, law of 22, 38 

Mayer's reafirent - 43, 232 

Mercurammonium compounds ... 39 
Mercuric chloride with stannous 

chloride 88 

sulphide, formation and proper- 
ties 41 

sulphide, with KjS 115 

Mercury 37-45 

chlorides 42 

compounds, ig-nition of 43 

detection and estimation of 44 

iodides 42 

metallic, analysis of 367 

occurrence of 37 

oxidation of 45 

oxides 37 

preparation and properties of... 37 

salts, reactions 39,43 

salts, solubilities of 38 

solubilities of 37 

sulphide, analysis of 126 

Metals, classification 10 

grouping" 375 

table of separation 376 

Metaphosphorlc acid 299 

Metastannic acid 83 

Microcosmic salt 230 

use in ignition 363 

Milk of lime 211 

Molybdates in analysis 54 

with phosphates 98 

Molybdenite 97 

Molybdenum 97-99 

deportment in second group.... 99 

detection of 99, 122 

estimation of 99 

ignition tests 99 

notes on analysis of 123 

occurrence of 97 

oxides and hydroxides 97 

preparation and properties 97 

reduction tests 99 

solubilities of 97 

Molybdic acid 97 

Nascent hydrogen on nitric acid.. 278 
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Nickel 168-172 

detection of 171 

detection of, in presence of Co 

by KI 185 

distinction from cobalt 170 

estimation of 171 

hydroxides 109 

hydroxides with KI 171 

ignition of 171 

occurrence of 169 

oxidation of 171 

oxides 169 

properties and preparation 168 

reducti<m 172 

salts with alkalis 169 

separation from Co , cyanide 

method 165 

separation from Co , by nitroso- 

/3-naphthol 16» 

separation from Co, by KNO,.. 16ft 
separation from Co , by sulphide 170 
separation from Co , by xan- 

thate 170 

solubilities of 169 

solubility of NiS in ammonium 

sulphide 170 

xanthate, separation from Pe. . 170 

Niobium (Columbium) 193-104 

Nitrates, decomposition by igni- 
tion 280 

distinction from chlorates 302 

occurrence of 277 

preparation of 277 

proof of absence 390 

solubilities of 278 

Nitric acid 277-282 

as an oxidizer 278 

brown ring test 281 

decomposition of, by HCl 279 

detection of 280 

detection by diphenylamine 281 

detection by reduction to NH.., . 

278, 281 
detection by reduction to nitrite. 28i 

dissociation, by heat 270 

estimation of 282 

formation of 277 

indigo test 28i 

in separation of Sn , Sb and As. 119 

sodium salicylate test 281 

with phenol 281 

with pyrogallol 282 

with brucine , 281 
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Nitric acid, occurrence of 277 

on antimony 66 

on arsenic 66 

preparation of 277 

products of reduction 278 

properties of 277 

Jfitric anhydride, formation of . . . . 278 

oxide 104, 275, 215 

Nitrites, decomposition by igni- 
tion 276 

detection of 276 

test for nitric acid 281 

Nitrof erricyanides 270 

Nitrogen 273-274 

chloride 62, 120, 327 

combination with elements 274 

detection and estimation 274 

family 7 

formation, occurrence 274 

peroxide 277 

properties 273 

Nitroso-/3-naphthol, separation of 

Co and Ni 1G6, 185 

separation of Cu from Cd 107 

with iron salts 154 

Nitroprussides 270 

Nitrous acid 276-277 

as an oxidizer , 276 

as a reducer 276 

formation of 276 

occurrence of 276 

properties of 276 

reactions with 276 

solubilities of 276 

Noble metals, enumeration 7 

Nordhausen sulphuric acid 322 

Notes on detection of acids 389 

on analysis of calcium group. 218, 219 
on analysis of third group 161 

Order of laboratory study 24 

Organic substances, removal of. . 

362, 363 

Osmium 133 

Osmotic pressure 21 

Oxalates, decomposition by igni- 
tion of 390 

decomposition by oxidation 390 

detection of 258 

distinction from tartrates. .253, 389 

estimation of 258 

ignition of 258 
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reactions of 256 

solubilities of 250 
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Oxidizing flame 363 

Oxygen 282-284 
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detection of 284 

estimation of 284 

formation of 2S3 

occurrence of 282 

preparation of 283 

reactions with 284 

Ozone 234 
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Palladium 131-132 
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separation from copper 106 

sponge 131 

Palladous iodide in analysis 131 

Paris green 62, 108 
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Perchlorates, preparation and 
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system, table of 2 

Permanganates, identification .... 392 

action on antimonous salts 78 

Permanganic acid 173 

Persulphuric acid 326 

Phenol reaction for nitric acid.... 281 
Phenylhydrazine, on aluminum 

salts 144 

Phosgene, formation 254 

Phosphates, changes by ignition. 303 

detection 162, 303, 390 

distinction between primary, 

secondary and tertiary 301 

estimation of 304 

in presence of third and fourth 
group metals. 142, 188, 189, 191, 192 

occurrence of 299 

reaction with ammonium molyb- 

date 188, 302 

separation as ferric phosphate.. 188 
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Phosphates, solubilities of 300 

FhosphideSy formation of 303 

Phosphine 293 

Phosphoric acid 298-304 

preparation of 300 

properties of 298 

Phosphoric anhydride, formation 

of 299 

Phosphorous acid 297-298 

detection of 298 

preparation and properties of... 297 

Phosphorus 293-295 

detection and estimation of 295 
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properties of 292, 294 
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Phosphotungstates 135 

Picric acid, in detection of potas- 
sium 224 

Plaster of Paris (calcium sul- 
phate) 213 

Platinized asbestos 94 

Platinum 93-97 

apparatus, care of 95 

black 93 

chloride, as a reagent 95 

detection of 96, 122, 367 

distinction from palladium. .131, 132 

estimation of 96 

iridium alloys, properties 132 

notes on the analysis of 123 

occurrence of 94 

preparation and properties. .. .93, 94 

reduction of 95, 96 

sponge 93 

Polarity 3 

Potassium 222-226 

as a reducing agent 226 

bichromate, in test for stron- 
tium and calcium 219 

carbonate, as a reagent 223 

chlorate, in preparation of oxy- 
gen 283 

chloride with platinum chloride. 95 

cyanide with copper salts 107 

cyanide with ferrous salts 154 

detection of 223, 226 

estimation of 226 

ferricyanide. formation of 269 
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hydroxide, as a reagent 223 

iodate, in separation of alkaline 
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Principles 393 

Problems in molecular propor- 
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Pyroantimonic acid 73 

Pyrog^allol, as a test for nitric 
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Reducing flame, description of... 363 
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Silica (silicon dioxide) 290 

detection and estimation of 292 
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removal of 390 
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tion 291 
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Silicon 290 
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preparation and properties 290 

separation from thorium 200 
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bromate, properties of 349 
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cyanate in distinction from chlo- 
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detection of 50, 307 

estimation of 50 
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detection of 73, 22S 
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py roantimonate 73, 80 
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sulphide, preparation of 308 

thiosulphate on cupric salts . 108 
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thiosulphate with third group 

. metals 145 

Solids, conversion into liquids 366 

decomposition upon ignition. 370, 371 
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preliminary examination of 363 
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ties of 86 
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in the Installation or Operation of Electrical Plants. Second Edi- 
tion, revised. 8vo, cloth. Vol. 1. The Generating Plant.. . $3.00 
Vol. 2 (In Press,) 

CROCKER, F. B., and S. S. WHEELER. The Practical 

Management of Dynamos and Motors. Fourth Edition, (e^hth 
thousand) revised and enlarged. With a special chapter by H. A 
Foster. 12mo, cloth, illustrated $1.00 

CXTMMING, LINNiEUS, M. A. Electricity treated 

Experimentally. For the use of Schools and Students. New Edi- 
tion, 12mo, cloth $1.50 

DA VIES, E. H. Machinery for Metalliferous Minesl 

A Practical Treatise for Mining Engineers, Metallurgists and Manu 
faoturers. With upwards of 300 illustrations. 8vo, cloth. . ' . . .$5.00 

DAVIS, JOHN W., C.E. Formidad for the Calculation 

of Bail Boad Excavation and Embankment, and for finding Average 
Haul. Second Edition, Octavo, half roan $1.50 

DAT, CHARLES. The Indicator and its Diagrams. 

With Chapters on Engine and Boiler Testing ; Including a Table of 
Piston Constants compiled by W. H. Fowler. l*2mo, cloth. 125 
illustrations \ $2.00 

DERR, W. L. Block Signal Operation. A Practical 

Manual. Oblong, cloth.. $1.50 

DIXON, D. B. The Machinist's and Steam En^neer's 

Practical Calculator. A Compilation of Useful Bules and Problems 
arithmeticallv solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruction in Screw-cutting, 
Valve and Link Motion, etc. 16mo, full morocco, pocket form. .$1.25 
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BOBD, QEO, Dictionary of Mauuf^tures, HiBing, 

Machiiierj^ and tUe Indufltrial Arts. 12mo, cloth $1.50 

DORE, B^ F. The Surveyor's Guide and Pocket Table 

Bo<->k. 18mo, morocco Hape. Third Ed i lion.. $2.00 

DBAFER, C, H, An Elementary Text Book of Lights 

Heat imJ Bound, witti Numerous Examples. Fourth edition. 12mo, 

elotli. Illustrated. , . . . , , . - , ,$1.00 

BRAPEE, C- H. Heat and the Principles of Thermo- 

Dynamics. With manr illuatratioue and unmerieal examples. Tlmo, 
cloth ._..;:.._ $L50 

BUBOIS, A. J. The New Method of Graphic Statics, 

With 60 ilhiBtrations. 8vo» dotii. $IM 

EDDY, Prof, H, T. Researches in Graphical Statics. 

Embraoiug N^w Cotistructioua in 0raphi<ial Stutics, a New General 
Method iu GraphicflJ Static^, and tlie Theory of Internal Strese in 
Gniphiciil Btatici*. 8vo, cloth _ ......*., ,$L60 

Maximum Stresses under Concentrated Loads. 

Treated graphicAlly. niustrated. 8vo, cloth .......... fL50 

EISSLER, M. The Metallurgy of Gold; a Practical 

Treittise on the Metallurgical Treatment of Ookl-Beiiring Ores, in- 
chidiug the Pnx^eHeee of Conceiitration and Chlorination, and th© 
A&saying, Melting and Refining of Gold. Fourth Edidon^ revised 
ami }/rf afftj vntaryrd. 187 ilhistratiouB. ]2mo, cloth $5.00 

The Metallui^y of Silver; a Practical Treatise on 

tlje.\nndgamation, Hoftatinff aud Lixivation of Silver Ores, including 
the Assaying, Melting and K*itining of Silver BuUioti. 124 iUnatrar 
tioufi. Scfytud Fdifiotf, r alary* d. 12uk\ clotli $400 

The Metallurgy of Argentiferous Lead ; a Practical 

Ti-eatiftcon the Hmelting of Silver-Lead Ores and the Befluing ol 
Lead BulHon. Including Reports on Various Bmeltaug Eat&bli^- 
ments and Descriptions of Moderu Smelting Furuaces and PlantB in 
Europe and America. With 183 illustrations. 8vo, cL _ «$5.00 

Cyanide Process for the Extraction of Gold and its 

Ptat^tical Applioitiot; on the WitTfutersraud Gold Fields in So^Uh 
Africa. iSrfyjnd t:difio7i enlarged. 8vo, doth. IllaatratioDa and 
folding platea * $3.00 

* — A Hand-book on Modem Explosives, being a Prac- 
tical Treatise on the MajDiIa^'lure and us** of DynaJnitts Gun Cotton, 
Nitro-GIvcerine and other Expk»«jre Comiwiiuda, including the man- 
ufaoture of Collodion -cotton, with chapters on eiploaivea iu practical 
applicfttion, Second Edition^ enlarged uHth 150 Ulu^trationK 
J2mo, cloth $5,00 

ELIOT, C. W,, and STORER, F. H. A Compendious 

Manual of Qualitative Clj^^mu-al Analvftis, Revised -ivith the oo-oj>er' 
ation of th© authors, by Prof, WLlliam It. NicbolB. Illuatrjited* 
7\v€ntieth Edition, n*uvlg rcvisc^l b^ Proj. W. B. Liudsti^. 
X2mo, cloth , m( $IM 



BLLiIOT^ Mbj, GfEO, H. European Iii£rtit-H:ous6 8y 

tema. Bamg a Report of s Tour of InHpection nmde in 1873. 

engraviDgs and 21 woodcut*. Svo, eloth , ....,,.. .fSwi 

ELLISON, LEWIS M. Practical AppHcation of tl 

iDdicittor. Witti rijifereDce to the AdjuBtment of Valve Gear oti 
&tj\m of Engines. Second EdiHmv^ rtvimd, 8vo, ^lotlif 100 illil 

trations, , . ^L\ 

EVEHETT, J, D. Elementary Text-Book of Physici 

n 1 list ni ted, Si v* nth EdUUm. 12mo^ doth, . .$1 J 

EWING, Prof A, J. The Magnetic Inductioii in Ird 

and other metals. 159 ninatrntious. Sro, doth . $4 

PANNING, J, T. A Practical Treatise on IHydraul 

and Wn-ter- Supply Engineering, Relating to the HTdrolog^, Hjdl 
dynanaieB, and Practical Constr notion of Water-^orks in No« 
^oieriea. ISO ilhiatrations. 8to, cloth. fmirfrrftth EfUfion^ i 
vi»f:d, tjfilaryed, and new tables atui iUuMtrationn add^tL 6 
pages , ..,.,,.-,,♦,,...<..,.. .$Sl 

FISH, J. C. L. Lettering of Working Drawings. Thi 

t^en platea, with df^scriptive text. <JhIong, 9x12 i, boiirde, . .. .|1.( 

FISKE, Lieut. BRADLEY A., U.S.N. Electricity i 

Theory and Practice ■ or, The ElemeutB of Electrical Eiigmeerin, 
Eif//i(h Edition. 8vo, cloth .,...,.. f^J 

FISHER, H, K, C, and DARBY, W. C. Studento 

ifuide tc» Submarine Cable Testing, yvo, cloth, , , $^i 

FISHER, W. i 

8vo. doth 



The Potentiometer and its Adjunctl 

\ .^... «2J 



FLEISCHMANN, W, TheBookof the Dairy. A Maa 

utd of the Science and Practice of Daily Work. Translated from til 
German, liy C. M. Aikmim and K. Patrick Wright. 8vo, cloth,, .S4J 

FLEMING, Prof, J. A. The Alternate Current Tram 

former iu Tlieory and Practico. V^L l^Tbe Indiictiou of Electa 
Ctirrenta ; 611 piges. New edition, Ultietrated* 8 vo, doth. .,$6 J 
Yol. 2, The Utilization of Induced Currents, IllnstrBteii 8« 

cloth. ; , ,.,,..... S5,( 

Electric Lamps and Electric Lighting:, Being | 

cotirse of four lectures delivered at the Royal Institution, April-Mi 
1894, 8vo, doth, fully ilhiatrated .$3J 

Electrical Laboratory Notes and Forms, Elemc 

tnry and advancefi. 4to, cloth, ilUiBt rated ..... .... .$5.( 

FOLEY, NELSON and THOS. PRA^, Jr. 

Mechanical Engineers' Reference Book for Machine and Boiler < 
struction^ iu ttvo [jarta. Part 1 —General Engineering D«ta, Part| 
—Boiler ConatructioE, With tifty-one platea and nmneroaa lUTiab 
tions, specially drawn for this work. Folio, half mor. .... >S!^| 



FORNEY, MATTHIAS N, OatechiBin of the liocomo- 

live. S*:coti(l J-jliflon^ r*jriHed and cnhirg^^d Forty-aiith thouB&iid. 
8vo, cloth . . , ......,., .$S«50 

rOSTEH, Gen. J, a, U.S. A* Sutmariiie Blastiiig In 

Boston Harbor, MftssftchusettB, Remoral of Tower and Corwin 
Rocks. Uluatrat-ed with 7 plates. 4to, cloth . , » . , ,$3,50 

FOSTER, H. A. Electrical Enginesra' Pocket Book. 

1000 pages mth the coliaborntioQ of Eminent Specialists. .{In Prem.) 

FOSTER, JAMES. Treatise on the Evaporation of 

Hftt'cihariiie, Chemical mid other Lhiuidft hy the Multiple SyBtem id 
^'aeiiiim and Open Air iS'^f^ond Edition, Dia^ams and large 
plates. 8vo, cloth $7.50 

FOX, WM., and C- W. THOMAS, M. E, A Practical 
Course in Mechanical Drawing. 12mt>, cloth with plates $L25 

FRANCIS, Jas. B., C.E. Lowell Hydraulic Experi- 

meuts. Being a seleetion from experiments on Hydraulic Motors, 
OD the Flow of Water over Weirs, in open Caualfl (if utiiform rec- 
timgular section, and tlirongh STibraerged OriJices fmd direrging 
Tubes. Made at Lowell^ Mass. Fourth * (lit ion ^ fci'tHed and 
cuktrf/ed, with many new experiments, and illustrated with 23 
copper- plate engrftnogs. -ito, cloth S15.0Q 

FROST, GEO. H. Engineer's Field Book. By C. S. 

Cross. To wbicb are a<hled seven chapters on Railroad Location and 
CouBtruction. Fourth edUtott. 12mu, cloth .|1.00 

FULLER, QEOROE W. Report on the Investiirations 

into the Puritication of the €>hio River Water at Louiaville, Ken- 
tucky, made to the President and Birectora of tlie Louisville Water 
Company, Fublislted under agreement with the Directors. 4 to, cl. 
3 full page plates. , net, 9\0M 

GEIPEL, WM. and KILGOTXR, M. H. A Pocketbook 

of El eetrieal En ^in eer i ng Formii lie. HJu b tra ted, 18mo, mor..$3,00 
Large paper eihtion, wide margins. 8vo, morocco, gOt edges S5,00 

GERBER, NICHOLAS. Chemical and Physical An- 
aljsie of Milk« Condeiised MUk and Infant's Milk-Food, ^to, 
ofoUi, , , .,,....,... Sl-25 

GIBBS, WILLIAM E, Lighting by Acetylene, Gen- 

erati^rs, Burners autl Electric Furafioes. Witli 86 illastrations. Sec- 
ond tdition revimd. 12mo, cloth. .....,..,,.. , .f 1.50 

GILLMORE, Gen. Q. A. Treatise on Limes, Hyranllc 

Cements, aud Mortarn, Papers on Practical Engineering, United 
States Engineer department, No. 9, contiiining Iteports of uumeroas 
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ExpertmeotB conducted in New York City dnrmg the ]^emm liSS to 

1861, mclueive. With uumeroufi iUufttratioii«. 8iro^ oloth ..$1.00 

OILLMORE, Gen. Q. A. Practical Treatise on the Con- 
strue tiou of Roads, Btreete, Wid Pavements, With 70 iUiastJnfttions, 

12mo, doth , .ri-Od 

Beport on Strength of the Buildm^ Stones in the 

United Btatefi, etc. 8vo, illuEtrate^l, cloth. ^l.OO 

QOIjBTNQ, HENHY a. The Thata-FM Diagram. 

rrarti(*jill;^ tipi>licd to HteaiD^ Gas, Oil and Air EugiDes, 12mo. clotk 
Illnstrateil , , . ttef, $1:25 

GOODE VE» T, M. A Text-Book on the Steam-Engrine, 

With & Siipplemeofc on Gas-Etigines. Twelfth J^ditian^ eniarrftd. 
143 iliustratioiift. 12mo, cloth , $2.€0 

GORDON, J. E. H. School Electricity, Illfistrationi. 

12mo, cloth _.,._..... .$2.00 

GORE, G.. F. R, S, The Art of Electrolytic Separa- 
tion of Metale, etc (Theoretical and PratstieaL) BluBtrated. 0¥O, 

oioth , . , , , , taso 

Electro Chemistry Inorganic* Thml MHtion, 8to, 

cloth , .. $.80 

GOULD, E. SHERMAN. The Arithmetic of the Steam 

ELijpriiit^. Svo, chnh _._.-..... ....SIM 

GRIFFITHS, A. B<, Ph.D. A Treatise on Manures, 

or the PhiloBophj of Manuring, A Practical Hfttid-Book for the 
Agriculturist, Mauufacttirer, Find Student, 12mo, cloth, $3^00 

GROVER, FREDERICK. Practical Treatise on Mod- 
em Gas and Oil Engines, gvo, cUaIl Illustrated . . . . , .S2.*X> 

GURDEN, RICHARD LLOYD. Traverse Tables: 

computed to 4 places Deeimals for every ° of angle up to 100 of Dis- 
tance, For the use of Surveyors and Eugincera N€w Editiotu 

Folio, half mo ! , ._,.,..,_, _S7,50 

GUY, ARTHUR F, Electric Light and Power, giving 

the Result of Practical Experience in Central- Statiou Work, 8vo, 
cloth. lUustratetl , , mM 

HAEDER, HERMAN, C, E. A Handbook on the 

SI** am Engine. Witli especial reference to small and mediuui li^ed 
engities. English edition, re-edit-ed bj the author from the second 
German edition, and translated with considerable additions aud alter- 
ations bj H. H. P. Powles. 12mo, cloth. Nearly 1100 iHos. . .83.00 

HALL^ WM, S, Prof, Elements of the Differential 
and Integral Calculufl. Secmid edUiofi, 8vo, cloth. lilus- 

trated ,,.............,,. net, $3,25 

HALSEY, F, A, Slide Valve Gears, an Explanation 

of the fletioti and Constniction of Plain and Cut-off Blide Taivee. 
lUustrated. 12mo, elotli. Sixth Edition iL60 
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HAUILTON, W, G, Usefal Inftrmation for Railway 

Men, Tenth J^dtfion^ revised and enlarged, 562 pages, i>ooket 
form. Mor<>€00. gilt , S2,00 

HANCOCK, HERBERT. Text-Book of Mechanics and 

Hydroetatie«j with OTer 500 diagrams. Bvo, cloth .$1,75 

HARRISON, W. B, The Mechanics' Tool Book- 

Witli Priictical Rulee ami Suggestions for use of MacJuuista^ Iroo- 
WorkerSp and others, UlnatratM with i4 ©DgraTings. 12mo, 
clotli, _.,_.. _ , - * . $L50 

HASKINS, C< H. The Galvanometer and its Uses. 

A Miiiiuftl for Electrioiftus and Stuileuts, Foiirtli edition. 12 mo, 
cloth ; _ ,$L50 

HAWKB, WILIjIAM H, The Premier Cipher Tele- 

^riipbic Code Cootiiiiiing li)ft^(X>0 Wordia and Phrases. The moat eom- 
phno ftml most nmlixl general codft jet publiRheil. 4to^ clotlj ,S5-t>0 

— 1CM3,000 Words Supplement to the Premier Code. 

All the words are select^ from the official voeabnlary. Oblong 
quarto, cloth ......*. ..,,,- - . * . .$4.20 

HAWKINS, 0, C, and WAIil-IS, F. The Dynamo; 

its Theory, Design and Man nf act tire, 190 illustrations, 12mo, cloth, 
..83.00 

HAY, ALFRED. Principles of Alternate - Current 

Working. 12mo, cloth, iHuBh-ftted.. . ... ... , .$2.00 

HEAP, Major D. P,, TT. S. A, Electrical Appliances of 

the Present Day. Repiirt of the Paris Electrical Exposition of 1881, 
250 illnstrations. 8vo, cloth .$2.00 

HEAVISIDE, OLIVER, Electromagnetic Theory. 

8vo, cloth, two volunteH, f^acli. , ,S5.00 

HENRICI, GLAUS, Skeleton Structures, Applied to 

the Building of Steel and Iron Brrdges. Illustrated. . , .... , . .$1,50 

'HERRMANN, Qustav, The Graphical Statics of 

Mechanism. A Guide for the Use of Machiniste, Architects, anti 
Eugmceis ; and alao a Text-l>t)ok for Technical Schools, Translated 
jmd annotated by A. P. Smith, M. E. 12mo, cloth, 7 folding 
plates. 77i ird Edition .,.,..,.. |2.00 

HERMANN, FELIX. Painting on Glass and Porce- 

Inirj Eiud Enamel Painting. On the Bs^m of I^ersonal Practical Ex- 
perience of the Condition of the Art up to date. Translate by 
Chiirles Baiter. MSecond yixatlt/ adatg^ cditlfm. 8vo, cloth. 
IlhistrationB.., ..,.,... , , . net $3.50 

HEWSON, WM, Principles and Practice of Emhankin^r 

Lands frt^m River Floo<ls, as applied to the Levees of the MiBsiasippi. 
8to cloth , $2.00 
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KANSAS CTTT BTtlDGE, THE With an Account of 

the RegimeD of the MiflBuiiri Bi^er hdJ n Descripticm of tiie MethixLi 
used for Founding in that Either, By O. Cliajiute^ Chief Engitieei; and 
George Morriaon, Assistant EiigiBeer. IlhistrateU with 5 Htliogii^ilM 
views and 12 plates of plans, 4t<:j, cloth , , , , . , .9M0 

KAPP, GISBERT^ C, E. Electric Tmnsmissioii of JSner* 

gy fmd its Tranaformation, Bubdivifliou, and Distrihutiou* A Pfactioid 
hand-book, Fotnih Editiwi^ rrvis^d 12mfj^ cloth . . . . , . , ^M 

Dynamos, Alternators and Transformers, 138 Illo^ 

tratioui* 12mo, eloth , , , * . t ....... , .$1-00 

KEMPE, H. R. The Electrical Engineer's Pocket 

Book of IMoilem Knle**, Fornnih*\ Tables anil Data. Ilhi^lrateJ. 
H2mo. Mor. gOt ... ...... ,81.75 

BLENNELLY, A. E, Theoretical Elements of Electro- 
Dynamic Machinery, 8to, cloth $1^50 

KtLGOUR, M, H. , SWAN, H-, and BIGGS, C. H. W. Elec- 

trieal Dititribntion ; lU Theory and Pfaetiee. 174 IHusratifna. 
12mo, doth' ...._. ..$100 

KHrO, W. H. liessona and Practical Notes on Steam, 

The fSteam-Engine, Propellers, etc., for Yonng Murine Eugine^ra, 
Btndenta, and others. RevisCil by Chief Engiiieei* J. W* King; United 
States Navy. Nmeteenth Edition^ rnlargtd. bvo, cloth S2,CK> 

KINGDON, J. A, Applied Magnetism. An introduce 

tion to the Di^sign of EkctroTniif^metk" .'Vpparatits, 8vo, clotli . . *|3,O0 

KIKKALDT, Wm, G. Illustrations of David Kirk- 

aldy's System of Mechameai Testing, as Originated and CiWTied On 
by him during a Quarter of a Century* Oomp rising w Large Selection 
of Tabulated Besnlfcs, showing the Strength and other Froperti<?« of 
MaterialB used in Con«trnetioii» with Explanatory Teit and HiBtoricsBl 
Sketch. KumeroUB engraTings and 26 lithographed plate©, 4to, 
cloth. , . , . . , t20,C0 

KIBKWOOD, JAS. P. Report on the Filtration of 

Kiver Wati^rs for the supply of Citiea, as practiaed in Europe, m liie 
to the Board of Water Commiftsioners of the city of 8t Louis. Illus- 
trated by 30 double-plate engraYiiigs, 4to, cloth, . . , ,$7.50 

IiARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code* mth Hog's Improvements. The most perfect Secret 
Code ever in rented or discovered. Impossible to read i^ithout the 
key. 18mOj cloth . . . _ , , .,,,,.»,,. ,60 

DAZELLE^ H. M. One Law in Nature. A New 

Coq>ufteular Th*N^ry comprehending Unity of Fierce, Identity of 
Matter, and its Multiple Atom Constitution, etc, I2mo, doth, * » $1.50 
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IiEASK, A. RTTOHIB. BreakdowiiB at Sea and How 

to Repair Them. With eigthy-nine illustrations. 8vo, oloth. Second 
EdiHon $2.00 

Triple and Quadruple Enansion Engines and 

Boilers and their Management With nfty-nine illustrations. I^ird 
edition, revised, 12mo, cloth $2.00 

Refrigerating Machinery: Its Principles and Man- 
agement. With sixty -four illustrations. 12mo, oloth $2.00 

LECKY, S, T, S. " Wrinkles " in Practical Navigation. 

With iSO illustrntions. 8vo, cloth Ninth Edition, revised $8.40 

LEITZE, ERNST. Modem Heliographic Processes. 

A Manual of Instruction in the Art of Reproducing Drawings, En- 
gravings, etc. , by the action of Light. With 32 woodcuts and ten 
specimens of Heliograms. 8 vo, cloth. Second Edition 

LEVY, C. L. Electric Light Primer. A Simple and 

Comprehensive digest of all the most important facts connected with 
the running of the dynamo, and electric lights, with precautions for 
safety. For the use of persons whose duty it is to look after the 
plant. 8vo, paper $ .50 

LOCKE, ALFRED G. and CHARLES G. A Practical 

Treatise on the Manufacture of Sulphuric Acid. With 77 Construo- 
tive Plates drawn to Scale Measurements, and other Illustrations. 
Royal 8vo, cloth $10.00 

LOCKERT, LOUIS. Petroleum Motor-Cars. ISimo, 

doth $1.50 

LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth. Third Edition $2.50 

' — Electrical Measurement and the Galvanometer; Its 

Construction and Uses. Second Edition. 32 illustrations. i2mo, 
cloth $1.50 

LOpGE, OLIVER J. Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised Edition. 12mo, 
cloth $1.50 

LORING, A. E. A Hand-Book of the Electro-Magnetic 

Telegraph. Paper boards 50 

Cloth 75 

-Morocco $1.00 

LXJCE^ Com. S. B. Text-Book of Seamanship. The 

Equipping and Handling of Vessel r under Sail or Steam. For the 
use of the U. S. Naval Academy. Rrrif*rd and enlarged editiony 
by Lt. Wm. S. Benson. 8vo, cloth $10.00 
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LUNGE, GEO. A Theoretical and Practical Treat 

on the Mannf aotnre of Bnlphario Add and Alkali with the Collat 
Branches. VoL L Solphnrio Acid. Second Edifion, RevUed < 

enlarged, 342 illoBiratioiiB. 8yo, doth %\{ 

Vol. II. Second Edition, revised and enlarged. Bvo, cloth. .$1( 
Vol. IIL 8vo, cloth. New Edition, 1896. %U 

LXTNGE, GEO., and HURTER, F. The Alkali Make 

Pocket Book. Tables and Analyti<»d Methods for Manafaotnrer 
Sulphuric Acid, Nitric Add, Soda, Potash and Ammonia. ^S^^ 
Edition. 12mo, cloth $£ 

LUQUER, LEA McILVAINE, Ph. D. Minerals 

Rock Sections. The Practical Method of Identifying Minerals 
Bock Sections with the microscope. Espedally arranged 
Students in Technical and Sientificc Schools. 8yo, cloth. El 
trated net, $1 

MACCORD, Prof. C. W. A Practical Treatise on t 

SHde-V^ve by Eccentrics, examining by methods the action of 
Eccentric upon the Slide- Valye, and explaining the praotioal prooee 
of laying out the moyements, adaptmg the Valye for its yari* 
duties in the Steam-Engine. Second Edition. Illastrated. A 
cloth 92 

MAGXJIRE, Capt. EDWARD, XT. S. A. The Atta 

and Defence of Coast Fortifications. With Maps and Nnmen 
Illustrations. 8vo, cloth $2 

MAGXJIRE, WM. R. Domestic Sanitary Draini^ 

and Plumbing Lectures on Practical Sanitation. 832 iliostraiio 
8vo : $4 

MARKS, EDWABD C. B. Mechanical En^eenb 

Materials : Their Properties and Treatment in Constmction. 12i 
cloth. Illustrated 

Notes on the Construction of Cranes and liifti] 

Machinery. 12mo, cloth $1 

MARKS, G. C. Hydraulic Machinery Employed 

the concentration and Transmission of Power. 12mo, cloth $1 

MAVER, WM. American Teleg^raphy: Systems, A 

paratus, Operation. 450 illustrations. 8yo, (uoth $3 

MATER, Prof. A. M. Lecture Notes on Physi< 

8vo, cloth ^ $i 

McCXJLiLOCH, Prof. R. S. Elementary Treatise < 

the Mechanical Theory of Heat, and its application to Air and Ste 
Engines. 8vo, cloth $B 

McNeill, Bedford. McNeill's Code. Arrant 

to meet the requirements of Mining, Metallurgical and Civil iSn 
neers. Directors of Mining, Smelting and other Companies, Banke 
Stock and Share Brokers, Solicitors, Accountants, Financiers, a 
General Merchants. Safety and Secrecy. 8vo, cloth $6 
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l^RRILL, Col. WM. E.» U.S.A. Iron Trass Brid^a 

for RiuJroads. Hie method of calcalatiiig strains in Tru&H*B, with a 
careful oomparieou of the most promiDent Tniflsee, in refereaoe to 
eoouomj in csombiuation, etc, lHuBtrat-eti 4to, cloUi* Fourth 

EiUflon , $6.00 

METAIi TURNEN^G, By a Foreman Pattern Maker. 

IlluBtrated with 81 engraviuga. Timo^ cloth. „ , ,$1.50 

MDfiriE, WM. Meclmnical Drawing, A Textbook of 

GeomefeiHi^ Drawing ff>r the uae of Mechanicw atid BoIuhjIs, ia which 
the Definitionp and Rule.'* of Geometrj are familiarly explained : the 
Practical Probleins aj^ arranged from the most simple t^i the more 
ooinplex, and in tlieir deecriptioD technicalities are avoided as much sm 
poBsible. With illustratioQH for Drawing Plans, Sections, and Elera- 
tioDB of Bailwajs aud Machinery ; an Introduction to Isometricol Draw- 
ings and an Essaj on Linear P*irspective and Shadows, Dlustrated with 
over 200 tliagramft engraved on steel. Ninth thousand. With an 
appendix on the Theory and Application of Colors. 8vo, cloth. .^00 

Geometrical Drawing. Abridged firom the Octavo 

edition, for the use of eobools. Illustrated with i8 steel plates, 
Nhdh cdittoH. 12mo, cloth,, $2.00 

MODERN METEOROLOGY, A Series of Six Lectures, 

delivered under the anspices of the Meteorologies Society in 1670. 
niuBtrated. 12mo, cloth , , , _ , |1,50 

MOREING, C. A., and NE AL, THOMAS. Telegraphic 

Mining (Jode Alphabeticully arranged. JiYroml EdiliotK Bvo, 
clolh . . . , .V . . . , .$8.40 

MORRIS, E. Eaay Riiles for the Meaaurement of Earth- 
works by means of the Priamuidal Formula. 8vo, dotb. El us .$1,50 

MOSES, ALFRED J., and PARSONS, C, L. Elements 

of Mineralogy, CrystallogrHphy and Blowpipe Analysis from a prac- 
tical stauilpoint. S^f^ond Thotrnmrh 8vo, cloth, 33C illns..?^^ f, $2.00 

MOSES, ALERED J, The Characters of Crystals, 

An Introduction to Physical t rystallography , containing 321 Illtmtra- 
tiona and Diagrams. 8vo, 211 pp , . .net, $2.00 

MOELLER, F. C, G, Krupp's Steel Works. With 

88 iilustrationa By Pelis Sobmidt and A. Mo a ton, Authorized 
Translation from the Oermau. 4to, clotk, , ,. {In Prtm, ) 

MULLIN, JOSEPH P., M.E, Modem Moulding and 

Fa tt^*^n- Making. A Priw?ticiil Tn^atise upon Fatttim-Shop and Foun- 
dry Work : embnicinff the Moulding of Pulleys, Spur Gears, Worm 
Gears^ Balance- Wherfft, Stationary Engine and L^xKimotive CyUndere, 
Globe Valves, Tool Work, Mining Macliineryj Bcrow Propeirers, Pat- 
tern- Shop Machinery, and the latest iMiprovements in English and 
American Cupolas^ together with a large collection of original and 
carefully selected Rules and Tables for every*day use in the Drawing 
Office, Pattem*Sbop and Foundry* l2mo» eloth^ illustrated. . . .$2.60 
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MTTNBO, JOHN, C.E., and JAMZESON, AKDBEl 

C. E. A Pocketbook of Eleotrioal Boles and Tables for i 
use of Electricians and Engineers. Thirteenth edition^ revii 
and enlarged. With ntuneroas diagraniB. Pocket size. Ijeatlier.92 

MUBPHT, J. G., M.E. Practical Mining:. A Fie 

Manual for Mining Engineers. With Hints for Inyestors in Mini 
Properties. 16mo, morocco tnoks $1 

NAQXTET, A. Legral Chemistry. A Guide to the Bete 

tion of Poitons, FalBifioation of Writings, Adnlteration of Alimenta 
and Pharmaceutical Substances, Analysis of Ashes, and examinatioD 
Hair, Coins, Arms, and Stains, as applied to Chemical Jurispraden 
for the use of Chemists, Physicians, Lawyers, Pharmacists and Expei 
Translated, with additions, including a list of books and memoirs 
Toxicology, etc., from the French, by J. P. Battershall, Ph.D., witJ 
I preface by C. F. Cliandler, Ph.D., M.D., LL.D. 12mo, cloth. .$2 

I NASMITH, JOSEPH, The Student's Cotton Spinnin 

: 1 Third editUm, rtviatd and inlaryed, 8vo, cloth, 622 pages, S 
i illustrations $3 

• ! NEWALL, JOHN W. Plain Practical Directions f 

'. 1 Drawing, Sizing and Cutting Bevel-Gears, showing how the Te< 

i may be cut in a Plain Milling Machine or Oeat Cutter so as to g 

them a correct shape from end to end ; and showing how to get c 
; ' all particulars for the Workshop without making any Drawing 

Including a Full Set of Tables of Reference. Folding Plates. 8^ 
! cloth $1. 

NEWCOMB, EDWARD W. Stepping Stones to Ph 

i tography. 12mo, cloth. Illustrated. N. Y., 1899 In pre 

NEWIiANDS, JAMES. The Carpenters' and Joinei 

"^ Assistant : being a Comprehensive Treatise on the Selection, Prepa 
' tion and Strength of Materials, and the Mechanical Principles 
. * Framing, with their application in Carpentry, Joinery, and Hai 
; i Railing ; also, a Complete Treatise on Sines ; and an illustrated Gl 
sary of Terms used in Architecture and Building. Illustrated. Fol 
1 I halfmor $15 

NIPHER, FRANCIS E., A.M. Theory of Magnel 

Measurements, with an appendix on the Method of Least Squai 
12mo, cloth $1 

NOAD, HENRT M. The Students' Text Book 

Electricity. A neic rditlon, cart f idly revised. With an Introd 
tion and additional chapters by W. H. Preece. With 471 illustratio 
12mo, cloth $4 

NUGENT, E. Treatise on Optics; or, Light and Sig 

theoretically and practically treated, with the application to Fine . 
and Industrial Pursuits. With 103 illustrations. 12mo, cloth. . .$1 

O'CONNOR, HENRY. The Gas Engineer's Pock 

Book. Comprising TablcH, Notes and Memoranda; relating to ' 
Manufacture, Distribution and Use of Coal Gas and the Constr 
tion of Gas Works. 12mo, full leather, gilt edges $3 



03B0RN, FRANK C. Tallies of Momenta of Inertia^ 

iirul 8«|uare8 of Eutlii of Qjnitiojj; Stippl emeu ted by others on the 
Ultimate aud 8afe Strangtli of "Wrought Iron ColumDB, Safe Strength 
of Timber Beamst and Constants for readilT obtaining tJje Shearing 
Stres&ea, Reactions^ and Beudiiig Momenta in Swing Bridges, 12mo, 
leather , , .__ ___..., ._. 03,00 

OSTERBERQ, MAX. Synopsis of Current Electrical 

Litiriitiiri', eompik^d from TecLnieal Joiimi)la and Magiizities duiing 
1B95- 8vo, cloth , - «1.00 

OUBIN, M. A. Standard Folyphaae Apparatus and 

Systems. Fully Illustrated f3,00 

PAGE, DAVID. The Earth^s Crust, A Handy Out- 

Jine of Geology. 16mo» olotlL , , • , .».....,.*,.,.. ,75 

FALAZ, A., ScD. A Treatise on Industrial Photome- 
try^ with apecinl HppUontion to Electric Lighting. Authorized trana- 
lation from the French by George W. Patterson, Jr. Secor^d edUioTt^t 
ff^rhetL 8iro, cloth, ninstrated. ...._..,_.., , $4.00 

PARSHAXiL, H. F., and HOB ART, H. M, Armature 

Windings of Eleotric Machines. With 140 full page plates, 65 ta- 
bleau and 165 pages of descriptive letter-press. 4to, cloth .$7 60 

PARSHAXL, H. F. Electrical Equipment of Tram- 
way ii... ..,,.... ...,,,.. .4/fi Pt't'^ti.) 

PEIRCE, B. System of Analytic Mechanics. 4to^ 

cloth 810.00 

— ^ liinear Associative Algebra. New edition with addenda 

aud notea by C. L. Pierce. 4to, cloth * SI. 00 

FERRINE, R A. C, A. M., D. Sc. Conductors for Elec- 

tricjil Dirttribution ; Their Manufacture and Materiak, the Calcula* 
tion of Circuits, Pole Line Oonatrnctioii, Undargronud Working and 
other Uaes . . > , ....,..,...,, ..., .In Pr*m, 

FERRT, JOHN. Applied Mechanics. A Treatise tor 

tlie use of students who have time to work oxperimeBtal, numerical 
and graphical exerciees illustrating the subject. 8to, cloth, (560 
pages .... , . , , ........... jirt, ^2.60 

FHTLLIPS, JOSHUA, Eng^ineering Chemistry. A 

Practical Treatise for ttie use of Analytical Chemiste^ Engineers, Iron 
MaeterSj Irou Founders, studeuta antl others. Comprising methods 
of AnalyBis and Valuatiou of the prinoipal material a used in Engin- 
eering works, with numerous Aiudysea, Examples and Buggeationa. 
314 ills, ^Second edition, rt vised and t^nlari/ed, Bvo, cloth.. . .f4.0C^ 

'FICKWORTH, CHAS. N, The Indicator Hand Book. 

A Practical Manual for Engineers. Part I. The Indicator : Ita 
Oonetmetian and Apptieution. 81 iUustratiaui. 12mo, cloth. , . 11.50 
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FICKWORTB; OHAS. N. The Slide Bule. A Fn 

tioal Manual of Instractioii for all Veen of the Modem I^^pe of SI 
Bnle, containing Snooint Explanation of the Principle of Slide B 
Computation, together with Numerous Rules and Practioal Ulnsl 
tioDB, exhibiting the Application of the Instrument to the £Yer7< 
Work of the Engineer, — Oiyil, Mechanical and Electrical. 12i 
flexible cloth. JF^yth edition 

PLANE TABLE. The. Its Uses in Topographical 8z 

veying. From tne Papers of the United States Coast Surv 

Illusteated. 8vo, cloth $2 

'* This work gives a description of the Plane Table employed at 1 
United States Coast Survey office, and the manner of usmg it." 

PL ANTE, GASTON. The Storage of Electrical Energ 

and Researches in the Effects created by Currents, combining Qu^ 
tity with High Tension. Translated from the French by Paul 
Elwell. 89 illustrations. 8vo $4, 

PL ATTNER. Manual of Qualitative and Quantitati' 

Analysis with the Blow- Pipe. From the last German edition, revic 
and enlarged, by Prof. Th. Richter, of the Boyal Saxon Mini 
Academy. Translated by Prof. H. B. Cornwall, assisted by John 
Caswell. Illustrated with 87 woodcuts and one lithographic pla 
Seventh edition, revised, 560 pages. Bvo, doth. $5, 

PLYMPTON, Prof GEO. W. The Blow-Pipe. A Qnh 

to its use in the Determination of Salts and Minerals. Compil 
from various sources. 12mo, cloth 91. 

The Aneroid Barometer : its Construction and Tie 

Compiled from several sources. Fourth edition. 16mo, boards 

lustrated 

Morocco, $1, 

POCKET LOGABITHMS, to Four Places of Dedmal 

including Logarithms of Numbers, and Logarithmic Sines and Ti 
gents to Single Minutes. To which is added a Table of Natu 
Sines. Tangents, and Co-Tangents. 16mo, boards 

POOLE, JOSEPH. The Practical Telephone Han 

Book and Guide to the Telephonic Exchange. 288 illustratio: 
Secona edition, revised and enlarged. 12mo, cloth $1 

POPE, F. L. Modem Practice of the Electric Tel 

graph. A Technical Hand-Book for Electricians, Managers a 
Operators. Fiftcnith edition, rewritten and enlarged, and fn 
illustrated. 8vo, cloth $1, 

POPPLEWELL, W. 0. Elementary Treatise on He 

and Heat Engines. Specially adapted for engineers and students 
engineering. 12mo, cloth, illustrated fS, 

POWLES, H. H. Steam Boilers {In li-es 
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PRAY, Jr,, THOMAS. Twenty Years with the In- 

ilicator ; being a Practical Text- Book fr>r the Eogineer or the Student, 
witb no complex Formulae. lUiistrated, 8vo, cloth. $2.50 

Steam Tables and Engine Constant* Compiled 

from Regnftult, Rankine and Dixon directly, making uae of tlie exact 
records, 8vo, cloth - , ^ , . . , . S2 00 

PRACTICAL IRON FOtrNDINO. By the author of 

** Pattern Making,'* Ac, &c\ Illnstiated with over one hundred 
engrjiviiig«. 12mQ^ cloth. , » . . $L50 

PIIEECE, W, H. Electric Lamps ...(In I^ess.) 

PREECE, W. H,, and STUBBS, A, T, Manual of Tele- 
phony. Illustrations and plutea. 12mo, cloth .S4.50 

PREMIER CODE. (See Hawke, Wm, H.) 

PRESCOTT^ Prof A. B. Organic Analysis. A Manual 

of the Descriptive and Analytical Chemistry of certain Carlion Com- 
ponnds in Common Use ; a Guide in the Qujihtative nnd Quantitative 
AnaljeiB of Organic Materials in Commercial and Pharmaeentieal 
AssfljE, in the estimation of Impurities under Authorized Standiurdfi, 
and in ForenBie Examinations for Foi&ona, with Directions for Ele- 
mentary Organic .4.nalysis, Fmtrth rdition 8vo, cloth. .$5,00 

Outlines of Proximate Organic Analysis^ for the 

Ideulificiition^ Separation, and Qnnntitative Determination of the 
more commonly occiirriDg Orgaiiie Componnds. Fourfh edition. 
12mo, cloth tL76 

First Book in Qualitative Chemistry, Eighth nUHon. 

12mo, cloth . , _ . . . , $1.50 

and OTIS COE JOHNSON, Qualitative Chemical 

AnalyBis. A Guide in the Practical Study of Ohemiitry and iu the 
work of Analyais. Fuurth fnUf/ rermd rdtlUm. With Deflcriptive 
Chomiatry extended throughout, , . ^.50 

PRITCHARD, O. G. The Manufacture of Electric 

Light Car!>on8. Illnstrated. 8vo^ paper. .»*,........-.>..., *fiO 

PtTLLEN, IRT. W. F. Application of Graphic Methods 

to the Design of Structures. HpcciiiHy prepared for the use of En* 
gineers. A Treatment by Graphio Methods of the Forces and Priuci- 
plea necessary for consideration in the Design of Eugineering Struc- 
tnres, Roofs/ Bridges, Truaaea, Framed Strueturea, Wella^ Dams, 
Chimneys and Masoarr StniotnreB, 12mo^ cloth. Profusely IHiia- 
trated ' «rf, $2.50 

PULSIFER, W. H- Notes for a History of Lead. 8vo» 

cloth, gilt tops $4,00 

PTNCHON, Prof. T, R. Introduction to Chemical 

Physics, designed for the use of Academiea, Colleges, and High 
ScIiooIb. Illnstrated with numerous engravings, and containing copioua 
experiments with directions for preparing them, Nrw fdifU*n^ rr- 
vifitd and entarfffd, and OluBtrated by 269 ilhist rations im wood. 
8vo, doth. , . . . .,..-.,, «3.Q0 




HADFORD, Lieut. CYRUS S. Handbook on Naval 

Gunnt^Ty, Prepared by AufcUority of the Navy Depart merit* For Iht 
use of U. 8. Navy» U. H. Mturine CJorps and' U* S. NaTal Re^^rree. 
BfiTieed and enlarged^ % ith the fiaaistance of StokeJy Morgau, Li&ot 
U. S, N. 7hird i'dition. 12mo, flexible leather. .,..,, .. .$100 

RAFTER, GEO. W. and M. N. BAKER. Sewage Difi- 

Diapoftiil in the Unite*] Htat^i^s. rihiistrutions and folding platen, 
^cond editUm. 8vo, clotli . . , , $6.00 

RAM, GILBERT 3. The Lic^uideaoent Lamp amd ila 

Manufacture, 8vo., cloth ,,,.,..... .... f3.00 

BAKDALL, J. E. A Practical Treatise on the Incan- 

dettcent Lamp, IlUiatrated. Itimt^ cloth .60 

RANDALL, P. M. Quartz Operator's Hand-book. 

Nnv editUm^ revised and ttdnrgtd^ ftfli^ iUustrattd. 12iiio, 
cloth.. . _ . _ . ... , . , $2.00 

RANXINE, W. J. MACQtrORN. Applied Mechanics. 

Comprising tlie PrinoipleB of Btatica and Cinematics^ and Theory 
of Htructures, Meohajiism, and Machines. With uumeroui? diagriuas* 
Fifteen fh edition. Thoroughly revised by W. J. Millar. 8vo, 
doth \ . . . . , ..,..., .85.00 

Civil Bni^eeiiBR* Comprising Engineering Sur- 
veys, Eartliwork, FouudationB, Masonry, Oarpentry, Metal-Work» 
Boada, BaDwayn, Canals, River.^^ Wuter- Works, Harbors, etc. With 
Duiaerous tables and illuatrations, Tiventieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth .$6.50 

Machinery and Millwork. Comprising the Geom- 

etry* Motioua, Work, Strength, Construction, aud ObjetJts of 
Machiiies, etc. lUufitrafced with nearly 300 woodcuts, t^vetdh edi- 
tion. Thoroughly reTieed by W. J. Millar, 8vo, cloth. ..... .$5,00 

The Steam-Engine and Other Prime Movers. With 

dia^Tiim of the Mechanical rropertiea of Steam, folding platas, 
numerone tables and illuatrationa. Thirteenth tditimL Thoroughly 
reviaed by W. J. Millar, 8to, cloth. . . J^.OO 

Useful Rules and Tables for Engineers and Others, 

With appendii, tables, tests, and formulae for the uee of Electrical 
Engineers. Comprieiug 8ubmarme Eiectrieal Engineering, Klectrio| 
Ijightiiig, and Trauamiafliou of Power. By Andrew Jamieson, C.E,^ 
F.R.B.E. Set^fiith 4:dition. Thoroughly revised by W, J, Millar. 
Crown 8vo, cloth .....,,. , . , , $4,00 

A Mechanical Text Book* By Prof* Macquorn Rankme 

and E. F,B amber, C. E, With numerona Uluetratious. Fourth 

edition. 8vo, cloth . ...,..., .fSiSO 

RAPHAEL, F. C. Localisation of Faults in Electric 

Liglit Maina. 8vo, cloth . . $2.00 

RECKENZAira', A, Electric Traction on Railways 

and Tramway a, 213 Illustrufeioiiii, 12mo, cloth ,.....,., .$4.00 



BEED'S BNOINEERS' HAND-^BOOK, to the Local 

Marine Bonn! EsiiniiDation& for CertificateB of Competenoy elr First 
and Second Clnm Eiigiiie**r8. By W. H, Thom, With the answeM 
to the Elementary QueetionB, Dlustrated hj 297 diagrams and 36 large 
plates. A'tj:teenfh i^lUiijii, revised atifi eniar^ett. 8vo, doth. $5.00 

BEED'S Key to the Sixteenth Edition of Bead's En- 
gineer's Hand'book to the Board of Trade Eiaminatione for Firet and 
Second Claes Kngineer** and containing the working of all the quea- 
tione givext in the f^aniination papers. By W. H, Thorn, fivo, 
cloth.,,.,. ^.. .$3,00 

Usefol Hints to Sea-going Engineers, and How to 

Repair and Avoid *' Break Dowuef' also Appeudioea Oontiiining 
Boiler Explosioufi, UsefuJ Formula, etc* With 36 diagrams and 4 
plati^B. Second edition^ revised and fnfargtd. r2mOj cloth. . .^1.40 

- — Marine Boilers, A Treatise on the Causes and Pre- 
vention of their Priming, with Remarks on their General Manage* 
ment. Illuitrat«»d, 12mo, cloth„ , $2,00 

BEINHABDT, CHAS. W. Lettering for Draftsmen, 

Engint^erti and Student s. A Practical Bystem of Free-hand Lettering 
for Working D ra wi nge. Fa a rt h thoum n d. 01 Aong^ lx»arde ... $1. DO 

BICE, J, M,, and JOHNSON, W. W- On a New 

Method of obtainmg the DiHerentiid of Functions, with esi>ecial 
referefite to the Newtonian CJonoeption of Batea or Velocities* 12ma, 
paper, _ .,,..,..,. ., M 

BINOWAIiT, J. L. Development of Transportation 

Systems in tlie United States, O^mpriKiug a COmprehenaive Descrip- 
tion of the leading features of advancement from the o^jlonial era to 
the present time, in water channels, roails, turnpikes^ cnnals^ raihvnya, 
vesAelSj vehicles, cars and locomotives ; the cost of tran&portatioii a 
Tariona periods and places by the different methods ; the financial 
engineering, mechanical, governmental and popular questioufi that 
have aris€*n, and notable incidents iti railway hiatory, c<»uatructioti 
and operation. With illuB^atians of hundreds of typical objeota. 
Quarto, half morocco ,..,,,.... . > . |7,50 

BIPPEB, WILLIAM. A Course of InBtructlon in 

Machine Drawing and Design for Technical Schools and Engineer 

^ Btudent«, W^ith 52 plates and numerous explanatory engravings. 

Folio, cloth : , $6.00 

BOEBLINa. J, A, Long and Short Span Bailway 

Bridges. Ilbistrated with large copperplate engravings of plans and 
views. Imperial folio, cloth *,.,*, , $25.00 

BOGEBS, Prof. H, D, The Geology of Peimsylvanla. 

A Government Survey, with a General View of the Geology of the 
United States, eaeare on the Coal Formation and its FoasilSf and a 
description cjf the Coal Fields of North America and Great Britain, 
Bluitrated with plates and engravings in the tei:t, 3 vols, 4 to, cloth » 
with portfolio of maps , .,,,.,>. $15.00 
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B08E, JOSHUA, M.E. The Pattem-Makara' AssifitaH 

Embracing Lathe Work, Braneh Work, Care Work, Sweep Woi^ ■ 
Practical Gear Couetructions, the Prepsj-ation and Uae of Tod 
together idth a large collection of usefal and T^tiable Ttohli 
Eightmuth edilton. DhiBtrated with 250 engrayiiigs. 81 

doth.,...,.. ...Si 

Key to Engines and Engme-nmning, A Practici 

Tfeatiae upon the Management of Steam Enginea and Boilers I 
the Use of Those wlio Desira to Pafla aiL ExamifiatioG to Tl 
Charge of an Engine or Boiler, With numertms illnatrationa, ta 
Instniotiona Upon Engin^^era' Coloiilations, Indicatorfi, Diagraii 
Engine Adjustments, and other Valuable Information neoeafiafj j 
Engineers and Firemen. l2mo, cL . , . ..,..$2*1 

SABINE, ROBERT. Kistory and Progress of 

Electric Telef,Tuph. With descriptions of some of the appaiat 
t^econd edition^ with addifimis. 12mo, cloth, .fl 

SAELTZEBf AIjEX, Treatise on Acoustics in eonne 

tiou with Ventilation. 12mo, eluth . * . . . .f U 

SALOMONS, Sir DAVID, M,A. Electric-Light Inst^ 

lations. A Prtictieal Hiinilliook. Khfhfh edition^ arUrti and d 
largrd with numtronH lUHsfraliotis, Vol. Lt The management j 

Accumulators. 12mo, clot^. , , , . . SlJ 

Vol. IL , Apparatus, 296 illustrations, 12mo,, cloth, , . , , $2.1 

Vol IIL J Applications, 12mo. , cloth ,.,.,.. - tlJ 

BANFORD, P, GERALD. Nitro-Explosives. A" 

tieal Ti'<eatise coucennng the Propertiea, Mfintifiicture and Analj 
of Nitrate<l SnbBt^ujvi H, itieluding the Fulminate©, Smokeleas Pa 
ders and Celluloiii. Hvo. clothj 210 pages , , . . 

SAtJNNIER, CLAUDIUS. Watchmaker's Handbc 

A Work.nhop Companion for tliose eiigageil iu Wat^'^hinaking 
allied Meehanieal Arts, Translated by J, Tripp lin and E, Big 
iS^t'coTid edition, revimd with apptndU^ 12mo, cloth , . .SSj| 

80HELLEN. Dr. H. Magneto-Electric and 

Electric Machines : their ConKtruction hiai} Practical AppGeation 1 
Electric Lighting, and the Transmission of Power, Tr^iuslat^xl fr 
the third German edition by N. S. Keith and Percy Neymaun, Ph,l 
With very large additions and notes relating to American Mai*lnnes, f 
N. B. Koith. Vol. 1., with 353 il lustra ti on s. ^rond ^dftirm.. .$rK\ 

SCHUMANN^ F. A Manual of Heating and VentUatiQ 

in its Practical Appheatiou, for the u»e of Etigijieere and Archit 
iEtnbracing a series of TahleB and Formulfe for dimensions of beatii! 
flow and return pipits for steam and hot- water boilers, flues, etc. L 
illustrated, full roan ...„,.,...,..,.,. ..♦.*., $lj[ 

Formulas and Tables for Architects and Engine^ 

in calculating the stniins ant] capacity of structnreB in Iron iind Woo 
12mo, morocco, tucks, , $lJ 

SCIENCE SERIES, The Van Nostrand, [See List, p, 3) 




SCEIBNER, J. M, Engineers^ and Mechanics* Com- 

pamaii . CompriBing UTiit'e<l Btat*es Weights and Meu^vireR. Menaura* 
tion of Hi^p^rflcea and Stilidii, Tables of Squaree and Ciitjea, Square 
and Ctibe Roots, Circumference aud Areaa of Cirolea, the Mechanical 
Powers, Centres of Gnmty, Gravitation of Bodies, Pendulums, Spe- 
oifio Gravity of BoiUes, Strength, Weight, and Crush of Materials, 
Water-'^lieels, Hydrostatics, Hydraulics, Statics, Centres of Percus- 
sioD and Gyration, Friction Heat, Tables of the Weight of Metals, 
Scantling, etc,, Steatn and flie Bteam-Eugiue. 7'wenUeih edUton, 
rGvijuefL 16mo, lull morocco, . , , , . $1.50 

SEATOX, A. E, A Manual of Marine Engineeriiig. 

Comprising the Deeiguing, Con»tnictioti and Working of Marine 
M Maohinery. With aumerouB tables and illuatrations reduced from 

H ■ Working Drawings, I^arfetnth edifiorK Revised throughout, with 

H an additional chapter on Water Tube B<>iler8. 8vo, cloth, 18&9, 86,00 

I i and ROTTNTHWAITE, H, M, A Foeketbook of Ma- 

H rine Engineering Knits and Tables, For the use of M iriue Engineers 

^L » and Naval Architects, Designers^ Drnnghtsmen. Buperintendenta, and 

^H^. all engaged in the design and coustrnction of Marine Machinery, Naval 

^P " and Mercantile, F{lf/t edition^ revised ami enlarged. Packet size. 

H Leather, with diagramB. ..,.,. , , ,,,.....,. , . . ..$3,00 

SEXTON, A- HUMBOLDT. pTiel and Refiractory Ma- 
terials. «vo, eloth , _ , $2.00 

SHIELDS, J, E. Notes on Engineering Construction. 

Enibrucing Discusaioua of the Princi^iles ijivolved, and Descriptions 
of the Platen al employed in Tunnelling, Bridging, Canal and Head 
Biiikhng, etc, 12rao, cloUi ....... , .,..,. SI, 60 

SHOCK, WM. H, Steam Boilera, Tlieir Design, Con- 

^st^nction and Management. 4to, half morocco.. ..._..,,. .$15,00 
SHREVE, S. H. A Treatise on the Strength of Bridgea 
aiid R<wfs, Comprising the determination of Algebraic formuhis for 
strains in Horij^oiit^l, Inclined or Rjifter, Triangular, Bowstring, 
Lenticular, and other TruRses, from tixed and mo\dng loads^ witli 
practical appliciitionK^ and examples, for the use of Students aud 
Engineers. 87 woodcut illus, F'ourth edition, 8vo, cloth $3.50 



SHUNK, W, F. The Field Engineer, A Handy Boot 

of pmctiee in the Survey, Location, iuid Tr»ck-work of HailrotLds, eon- 
taiiiiug a large collection of Rules and Tables, original and selected, 
applicable to both the Standard and Narrow Gauge^ and prepared 
with special reference to the wants of the young Engineer, EkiVfUth 
edition^ t'rf'im^d and enlarged. 12 mo, morocco, tucka ,,..,.,,. |Q,50 

SIMMS, F. W, A Treatise on the Principles and Prac- 
tice of Lrevelling, Showing iti* application to purposes of Riiilway 
Engineering, and the Conatruction of Roails, ete. Eevised and csot' 
rected, with the addition of Mr, Laws' Practical Examples for setting 
out Railway Ourvee, Illustrated, 8yo, cloth, _ , , .|2.60 




SIMMS, W» F. Practical Tunnelling. Fouith edition, 

revised and ^eatly extended. Witli additiouaJ clia|>t^*r& iJlustralisg 
recent practice by B, Kinnear Clark. With M p\&te& and othef lUtts- 
trationB. Impenftl 8vo, clotlv. — - * — ■ - -tl2 00 

SLATER, J. W. Sewage Treatment, Pnriflcation, and 

Utilization. A Practical Manual for the Use of Corporulions, Local 
BoitrdH, Medical OflScers of Heiilt1i» Inapectors of NtiiwiUoe«j GIi€m- 
ists^ Manufacturers, Riparian Ownerft, Engmeera^ and Eftte-pajenb 
12mo, cloth, _ §2.25 

SMITH, ISAAC W C.E. The Theory of Deflections 

Bud of Latitndea antl Dt^partures. With apecial applications to 
Curviiinejir Surveys, for Alignments of Kailway Tracke. nioBttated. 
Idmo, morocco, tucks. , , , « i . , > . i , , . , , ,18*00 



- OtJSTAVUS W. 

oretical and Practical, 
cloth , _ . 



Notes on Life Infiuranee. The- 

T/ifrd edit ton J reriMtd and tulnvif^d, 8to, 

, ■ :.,,., $100 



The Design and Construction of Harbors. A Treat- 
ise on Maritime Engineering, Third edition, with 24 plates. 8vo, 
cloth _ , , _ $9,00 

STEWART, R, W, A Text Book of Light. Adapted 

to the Requirements of the Intermediate Bcience and Preliminary 
Scientific Examinations of the UniTersitj of Lioadon, and also for 
General Use, Numerous Dio^ams and Examples. 12mo, cloth, $1,00 

A Text Book of Heat- Illustrated. 8vo, cloth... .$1,00 

A Text-Book of Magnetism and Electricity. 160 

JDlus, aad Numsroufi Examples. 12mo, cloth $1.00 



SNELL, ALBION T, Electric Motive Power: The 

Tranamissjon and Distribution of Electric Power b^ Continuous and 
Alternate Currents, With a Section on the Applications of Electricity 
to Mining Work. 8vo. , cloth, illuBtmteti #i00 

SPEYERS, CLARENCE L, Texlt Book of Physical 

Chemistrr. 8vo, cloth $2,25 

STAHL, A, W,, and A. T, WOODS, Elementary Me- I 

chanisni. A Text^Book for Students of Mechanical Engineering. I 
Fou7^tk tdifirmt enlarffed. 12mo, cloth . , , $2.00 

STALEY, CADY, and PIERSON, GEO, S, The Separ- 
ate Bystem of Sewerage : it-g Theory tind Construction, Stx-omi fdi- 
fhm, rr'pmyi. 8?o, cloth. With mi\ps, plates and illufitrations. .$3.00 

STEVENSON, DAVID, F,R.S.N. The Principles and 

Practice of Canal and River Engineering, Rev^aed bj his !^<>ns David 
Alan Stevenson, B. Sc., F.R.S.E., and Charles Alejtander Stevenson, 
B, Sc., F.R,S.E.. CivU Engineer, Third edition, u it h 17 plate*. 
8vo, clotli , , . . ..$10,00 
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STILES, AMOS. Tables for Field Engineers. Designed 

for use in the field. Tables oontaiiiin^ all the functioiis of a one 
degree onrve, from which a oorresponding one can be found for any 
required degree. Also, Tables of Natural Sines and Tangents. 12mo, 
morocoo, tucks $2.00 

STILLMAN, PAUL. Steam-Engine Indicator and the 

Improved Manometer Steam and Vacuum Gauges ; their Utility and 
Application. New edition, 12mo, flexible cloth $1.00 

STONE, General ROT. New Roads and Road Laws in 

the United States. 200 pages, with numerous illustrations. 12mo, 
cloth $1.00 

STONET, B. D. The Theory of Stresses in Girders 

and Similar Structures. With observations on the application of 
Theory to Practice, and Tables of Strength, and other properties of 
Materials. New revised edition, with numerous additions on Graphic 
Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, Working 
Loads, Riveting, Strength and Tests of Materials. 8vo, 777 pages, 
143 illustrations, and 5 folding plates $12.50 

STUART, C. B. U. S. N. Lives and Works of Civil 

and Military Engineers of America. With 10 steel-plate engravings. 
8vo, cloth , $5.00 

The Naval Dry Docks of the United States. 

Illustrated with 24 fine Engravings on Steel. Fourth edition. 4to, 
cloth $6.00 

SWEET, S. H. Special Report on Coal, showing its 

Distribution, Classification, and Costs delivered over different routes 
to various points in the State of New York and the principal cities on 
the Atlantic Coast. With maps. 8vo, cloth $3.00 

SWINTON, ALAN A. CAMPBELL. The Elementary 

Principle of Electric Lighting. Illustrated. 12mo, cloth .60 

TEMPLETON, WM. The Practical Mechanic's Work- 
shop Companion. Comprising a great variety of the most useful 
rules and formula) in Mechanical Science, with numerous tables of 
practical data and calculated results facilitating mechanical operations. 
Kevised and enlarged by W. S. Hutton. 12mo, morocco $2.00 

THOM, CHAS., and WILLIS H. JONES. Telegraphic 

Connections: embracing Recent Methods in Quadruplex Telegraphy. 
Oblong, 8vo, cloth. 20 full page plates, some colored $1.60 

THOMPSON, EDWARD P., M.E. How to Make In- 
ventions ; or. Inventing as a Science and an Art. A Practical Guide 
for Inventors. Second rdifion. 8vo, boards SI. 25 



t 

/ 

I 

i i 
i 1 



80 



D. VAN N08TRAND COMPANY'S 



THOMPSON, EDWABD P., M. E. Roentgen Kaya 

and Phenomena of the Anode and Cathode. Prinoiples, Applioationfl 
and Theories. For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. Pignolet, N. D. C. 
Hodges, and Lndwig Gntmann, £. E. With a Chapter on Generali- 
zations, Arguments, Theories, Kindred hadiations and Phenomena. 
By Professor Wm. Anthony. 8yo, cloth. 50 Diagrams, 40 Hall 
tones $1.50 

TODD, JOHN and W. B. WHALL. Practical Seaman- 
ship for Use in the Merchant Service : Including all ordinary sub- 
jects ; also Steam Seamanship, Wreck Lifting, Avoiding Collision, 
Wire Splicing, Displacement, and everything necessary to be known 
by seamen of the present day. Second edition, with 247 illustratioru 
and diagrams. 8vo, cloth $S.4C 

TOOTHED GEABINa. A Practical Hand-Book foi 

Offices and Workshops. By a Foreman Patternmaker. 184 Illustra- 
tions. 12mo, cloth lP.2e 

TRATMAN, E. E. RUSSELK Railway Track and 

Track- Work. With over two hundred illustrations. 8vo, cloth. $3.00 

TRE VERT, EDWARD. Ho w to build Dsntiamo-ElectriG 

Machinery, embracing Theory Designing and Construction of Dy- 
namos and Motors. With appendices on Field Magnet and Armature 
Winding, Management of Dynamos and Motors, and Useful Tables ol 
Wire Oauges. Illustrated. Svo, cloth ^- $2.5(] 

Electricity and its Recent Applications. A Practi- 
cal Treatise for Students and Amateurs, with an Illustrated Dictionary 
of Electrical Terms and Phrases. Illustrated. 12mo, cloth..$2.0C 

TUCKER, Dr. J. H. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical Methods to the 
Sugar Industry. With an Introduction on the Chemistry of Cane 
Sugar, Dextrose, Levulose, and Milk Sugar. 8vo, cloth, illus- 
trated ^3.5( 

TUMLIRZ, DR. O. Potential and its Application tc 

the Explanation of Electric Phenomena, Popularly Treated. Trans- 
lated from the German by D. Bobertson. 111. 12mo, cloth $1.2^ 

TTJNNER, P. A. Treatise on RoU-Tuming for the 

Manufacture of Iron. Translated and adapted by John B. Pearse, oi 
the Pennsylvania Steel Works, with numerous engravings, woodcuts. 
Svo, cloth, with folio atlas of plates .' $10.0( 

URaUHART, J. W. Electric Light Pitting. Embody- 
ing Practical Notes on Installation Management. A Hand-book foi 
Working Electrical Engineers — with numerous illustrations. 12mo, 
cloth $2.0( 

Electro-Plating. A Practical Hand Book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plat 
ininum, etc. Third edition. 12mo W.Ot 
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UEQTJHART* J- W, Electrotyping. A Practical Man- 
ual formmg a Hew ami Syst-ematic Guide tt> tlie Reprtnluetiou and 
Moltiplication of PriutiDg Surfaces, etc. 12mo ....... , S2,00 

— ^ Dynamo Conetruction : a Practical Hand-Book for 

the Use of Engineer GoBBtruotorB and Eleciriciaiis in Gbarge, em- 
bracing Frame Work Building, Field Magiiet and Armatiire Winding 
and Gronj^iDg, Compouiidiiig, etc.. with Examples of Leading Eug- 
lisli, American and Continental Djnamo^ and Motors, mth nnmeronB 
illustrationa. 12mo, cloth * 98.00 

Electric Ship Lighting. A Hand-Book on the 

Praaticjil Fittiiig and Rnnuing of Ship's Electrical Plant. For the Use 
of Ship Owners and Builders, Marine Eleotricians and Sea Going 
Engineers- in -Charge. Numerous illustrations, P2mo, cloth ^.00 

UNIVERSAL TELEGRAPH CIPHER CODE, Ar- 
ranged for Gent-'Hil Corrf i^iHUidence. 12mo, cloth .$1,00 

VAIT HEURCK, Dr. HENRI. The Microscope. Its 

Construction and Management, in eluding Technique, Photi:*- Micro- 
graphy and the Past and Future of the Microscope* English edition 
re-edited and augmented bj the Author from the fourth French 
edition, and translated by Wynne E. Baxter, F.KM.B. 3 Plates and 
upwards of 250 II lustration a.* Imperial 8yo, cloth ... $7,00 

TAN NOSTRAND'S Engineeiing Magazine. Com- 
plete Beta, 1869 to 1886 incluaive. 

Complete sets, 35 vols., in cloth. ....,.*.........,. $60.00 

Complete aete, 35 voli., in half morocco, , , , 100.00 

VAN WAGENEN, T. F. Manual of Hydraulic Mining. 

For the Use of the Practioal Miner, I^eviJied and enlarged edition, 
18mo, cloth. .$L00 

WALKER, W* H- Screw Propulsion, Notes on Screw 

Propukivin, ita Bise and Hiett»ry, 8vo, cloth , , . , ,75 

WALKER, SYDNEY F, Electrical Engineering in 

Our Homes and Workahope. A Practical Treatise on Auxiliary Elec- 
trical Apparatus. Third edit ion f rerisedj wUh juwifrou^ Hfuaira- 
HoTiH , ..,•.. jEi.OO 

Electric Lighting for Marine Engineers, or How to 

Light a Ship by the Electric Light and How to Keep the Apparrttne 
in Order. 103 illuBtrations. 8vo, cloth. SHcfmd edition. $2.00 

WALLIS-TAYLER, A, J. Modem Cycles^ A Practi- 
cal Handbook on Their CotiBtrtictiou and Repair. With 300 illuetra- 
tions. 8vo, cloth .._,., ....,, S4.00 

— - Motor Cars, or Power Carriages for Common 

Roads. 8vuj cloth, with numerona illnstratione,. $1.80 

Bearings and Lubrication. A Handbook for ewery 

user of Machinery. Syo, cloth, fully illustrated.. ... ...... .^1.50 
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WALLIS-TAYLEH, A. J. Bel^igeratizig and loe- 

MakiDg Machinery. A DesoripiiTe Troatise for the nae of persons 
employing refrigerating and ioe-making installations and others. 
8vo, cloth, illustrated .., $3.00 

Sugar Machinery. A Descriptive Treatise, De- 
voted to the Machinery and Apparatas used in the Manufacture of 
Cane and Beet Sugars. 12mo, doth, ill $2.00 

WANKIiTN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its DerivativeB, Cream, Butter, and Cheese. 
12mo, cloth $1.00 

Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Tenth eclHlon, l2mo, cloth $2.00 

WANSBROUQH, WM. D. The A. B. C. of the Differ- 
ential Calcuhis. 12mo, cloth $1.50 

AVARD, J. H. Steam for the Million. A Popular Treat- 
ise on St^am, and its application to the Useful Arts, especially to 
Navigation. 8vo, cloth $1.00 

WARING, QEO. E., Jr. Sewerage and Land Draina^. 

Illustrated with wood-cuts in the text, and full-page and folding 
plates. Quarto. Cloth. Third edition |6.00 

Modem Methods of Sewage Disposal for Towns, 

Public Institutions and Isolated Houses. Second edition^ revised 
and enlarged, 260 pages. Illustrated, cloth $2.00 

How to Drain a House. Practical Information for 

Householders. New and enlarged edition, 12mo, cloth $1 .25 

WATSON, E. P. Small Engines and Boilers. A man- 
ual of Concise and Specific Directions for the Construction of Small 
Steam Engines and Boilers of Modern Types from five Horse-power 
down to model sizes. 12mo, cloth. Illustrated with Numerous 
Diagrams and Half Tone Cuts. New York, 1899 $1.25 

WATT, ALEXANDER. Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals, with Descriptions of Voltaic Battenes, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several chapters 
on Electro- Metallurgy. With numerous illustrations. Third edition^ 
revised and corrected. Crown, 8vo, 568 pages $3.50 

• Electro-Metallurgy Practically Treated. Tenth 

edition, eonHiderabltj enlarged. 12mo, cl $1.00 

The Art of Soap-Making. A Practical Handbook 

of the Mauiifacture of Hard and Soft Soaps, Toilet Soaps, &c. In- 
cluding many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Lyes. With illustrations. Fourth edition^ 
reviHf d and enlarged. 8vo $3.00 
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IRTATT, AliEXANDBK. The Art of Leather Manufact* 

lire* Being b Fnietical HaDdbook, io which the OperationB of Tftn- 
iiiDg, GurryinR'^ and Leather DreBsmg are Fiilly De^jcribed, and the 
Priuciplea of T&tming Eiplaioed^ and many Recent Proceeiiea Intro- 
duced. With numerous iiluatratioDB. Second edition, 8vo, el. $4. 00 

WEAXiE, JOHN. A Dictionary of Terms XTeed in 

Ajchitecture^ Building, Eugiiveermg, Mining, MetitlluTgy, Archaelogy, 
the Fine Am, etc., with explanatory obneirst'oiuB ot^nneoted with 
ftpplieii Science and Art. fifth edition^ revised and corrected. 
i^mo, okith .$2.50 

Weale's Kudimentary ScientiflG SerleSf [see list, p. 39. j 

WEBB, HEBBEBT LAWS- A Practical Guide to 

the Testijig of lusulateil Wires and Gables. Dlufltrated, 12jiio, 
cloth. _ . . .11.00 

— The Telephone Hand Book- 128 niuetratione, Ufj 

pagPB. 16mo.^ cloth , . .$1.00 

WEEKES, B. W- The Design of Altaiiute Current 

TrauBformeri. niustrated. 12mo, cloth iLOO 

WEISBACH, JULIUS. A Manual of Theoretical 

3ItH?hanic**, Eighth .-V-tuericau edition. Translated from the fourth 
augmented and improved German eilitiou, with an lutrodoction to 
the CalcnhiB by Eeldey B, Coie, A,M., Mining Engineer. 1,100 

pagea, and 902 woodcut iUuatmtiona, 8vo, cloth $6.00 

Sheep _ , _.. , 7.50 

WESTON, EDMUND B, Tables Showing Loss of 

Head Due tu Friction of Water in Pipes, Sceund editioru J2nio, 
cloth , |t50 

WEYMOUTH, F, MARTEN, Drum Armatures and 

Oinimutftt<jr«. (Theory and Praetie*,) A complete Treatise on the 
Theory and Construction of Drum Winding, and of oommutatora for 
clcjfted-ooil tirtnatureB, together with a fuH reaume of some of the prin- 
cipal pointa imrolved in their deeigu^ imd an exposition of armatttre 
re-actiotiQ and sparking. 8vcj, cloth ............... ...... $3.00 

WEYBAUCH, J. J. Strength and Calculations of 

Dimtsurtioim of Iron and Steel Ojuatniction^ with reference to the 
l4itest ExperimeniH. 12mo, oioth, platea. ... .$1-00 

WHEELEE, Prof, J. B. Art of War. A Course of 

iTiBtnirtion in the Elementfl of the Art and Science of War, for the 
Uae of the Cadets of tlie United States Military Academy, West Point, 
K. Y. ]2mo, cloth. .\ ^ .$1.75 

Field Fortifications. The Elements of Field 

Fortifications, for tlie Uwe of tlje Cadete nf tlu' United Btates Military 
Academy, West Point, N. Y. 12rao .*^*^..-. $1.76 



WHIPPLE, S., C. E. An Elementary and Fraotlcal 

Treatise on Bridge BuUiliug. 8vo, cloth , , . . .laOO 

WILKINSON, H, D. Submarine Cable-Layuip, B©- 

piiiriug lujil Tt-wtiiig, 8vo, eloth $4.00 

WILLIAMSON, R. S, On the Use of the Barometer on 

8urvi\YM autl RcNXJuiioJBwtititH-H. Part I. Meteorcjlogy in iia Ouunectioti 
with Hjpsometry. Part IJ, Biirometrio HypeoiaetTy. With Illaa* 
tTBtive tables oud eugtavinga. 4to, doth. .915.00 

— Practical Tables In Meteorology and Hypsometry, 

ill oonnectioD with the nae of tLe Baronieter. 4to, cloth, . * . . 92.50 

WILSON, GEO. Inorganic Chemistry, with New No- 

tfttiutj. RovjBed ami i'i)lurged by H. G- Miuhiu. Nmv tdHiou. 
]2mo, eloth. , ,..,.. , . . ,,. .13.00 

WILLTO0NG, E. O., and W. M. STONE, Ph, D. Blec- 

tricai lustrumpiitH iiiiJ MeiiKureiiienttj, ]2nio, el. 2 volfl.. . - fn Pre^Ji, 

WOOBBtTBY, B. V. Treatise on the Various Elements 
of Stabilii^ in the WelKProportiooed Arch. 8vo, half moroooo..94.00 

WRIQHT, T. W. A Treatise on the Adljustment of 

ObeenffltioDB. With ftpplieiitione to Geodetic Wotk» Mid other Meas- 
area of Preciaioii, 8vo, doth ...,., , 9^00 

Elements of Mechanics ; including Kinematics, 

Kinetics mid Bt*iticft. With upplicjaiciDF. Hvo, dotli 9^50 

WYLIE, CLAUDE. Iron and Steel Founding, Illus- 

Irateit with 39 diagram a. Sccotid t flit ion ^ reri^vd and vnlargcd^ 
8vo, clotli , ....,...<&. 0^ 

WYNKOOP, BICHARD. Vessels and Vc^ages, as 

Eegulftted by Federal Statutes aud Trejtsury iDt^truotiooa and Deois- 
iona. 8vo, cloth 92.00 

YOUNG, J. ELTON* Electrical Testing for Telegraph 
Eiigine«ra, with Append iecsa coneiatiug of Tables. Svo, doth, iUaa- 

tratfxl.. ; .91.00 

YOUNG SEAMAN^S MANUAL. Compiled li-om 

Varioua Authorities, and Dlngtrnt^d with Nnniertpue Origiual and 
Select Designs, for the Uae of tlie United Btatea Tmining Shipa and 
the Mfirine Sohoole. 8fo, half ronn , 9BvO0 
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'J^EY are put up in a uniform^ neat, and attractive form, iSmei^ 
J- boards. Price 50 cents per volume. The subjects are of an 

iminently scientific character^ and embrace a wide range of topics, and 

are amply illustrated when the subject demands, 

Na I. CHIMNEYS FOR FURNACES AND STEAM BOILERS. 

By R. Armstrong, C. E. Third American edition, revised and partly 
rewritten, with an appendix on Theory of Chimney Draught, by F. E. 
Idell, M.E. 

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colbum. N«w 
edition, revised by Prof. R. H. Thurston. 



No. 3. PRACTICAL DBSIQNINQ OF RETAINING- WALLS. 
W. Cain. 



Arthur Jacob, A.B. Second edition, revised, with additions by Frot 



Na 4. PROPORTIONS OF PINS USED IN BRIDGES. Second 
edition, with appendix. By Charles E. Bender, C.E. 

No. 5. VENTILATION OF BUILDINGS. By W. F.Butler. Second 
edition, rc-cdited and enlarged by James L. (jrcenlcaf, C.E. 

No. 6. ON THE DESIGNING AND CONSTRUCTION OP 
STORAGE RESERVOIRS. By Arthur Tacob, A.B. Second edition, 
revised, with additions by E. Sherman Gould. 

No. 7. SURCHARGED AND DIFFERENT FORMS OP RE- 
TAIN ING-W ALLS. By James S. Tate, C.E. 

No. 8. A TREATISE ON THE COMPOUND ENGINE, By John 
Turnlnill, jun. Second edition, revised by Prof. .S. W. Robinson. 

No. 9. A TREATISE ON FUEL. By Arthur V. Abbott, C. E. 
Founded on the original treatise of C. William Siemens, D.C.L, 

No. la COMPOUND ENGINES. Translated from the French of A. 
Mallet. Second edition, revised, with Results of American l*ractice, Iw 
Richard H. Buel, C.E. 



No. II. THEORY OF ARCHES. By Prof. W. Allan. 

No. la. A THEORY OF VOUSSOIR ARCHES. By Prof. W. B. 
Cain. Second edition, revised and enlarged. Illustrated. 

No 13. GASES MET WITH IN COAL-MINES. By J. J. A tkiiUMM. 
Third edition, levised and enlarged by Edward H Williams, jun. 
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Ka 14. FRICTION OP AIR IN MINES. By J. J. Atkinson. 
Na 15. SKEW ARCHES. By Prof. E. W. Hyde, C.E. IllustratcA 

No. z6. A GRAPHIC METHOD FOR SOLVING CERTAIN 

ALGEBRAIC EQUATIONS. By Prof. George L. Vose. 

No. 17. WATER AND WATER-SUPPLY. By Prof. W. M. Corfield 
of the University College, London. 

No. 18. SEWERAGE AND SEWAGH PURIFICATION. By 
M. N. Bii^er, Assoc. Ed. Enginteriug Aews, 

Na zg. STRENGTH OF BEAMS UNDER TRANSVERSE 

LOADS. By Prof. \V. Allan, author of "Theory of Arches." 

Na 20. BRIDGE AND TUNNEL CENTRES. By John B. Mc- 

Master, C.E. 
No. 21. SAFETY VALVES. By Richard H. Buel, C.E. Second edition. 
No aa. HIGH MASONRY DAMS. By E. Sherman Gould. C.E. 

No. as. THE FATIGUE OF METALS UNDER REPEATED 

STRAINS. With Various Tables of Results and Experimwits. From 
the German of Prof. Ludwig Spangenburgh, with a Preface by S. IL 
Shreve, A.M. 

Naa4. A PRACTICAL TREATISE ON THE TEETH OF 

WHEELS. By Prof. S. W. Robinson. Second edition, revised. 

No. 25. ON THE THEORY AND CALCULATION OF CAN- 
TILEVER BRIDGES. By R. M. Wilcox, Ph.B. 

No.a6. PRACTICAL TREATISE ON THE PROPERTIES OF 

CONTINUOUS BRIDGES. By Charles Bender, C.E. 
No. ay. ON BOILER INCRUSTATION AND CORROSION 

By F. J. Rowan. New edition, revised and partly rewritten by I- . L. 
Idell, M. E. 
No.a8. TRANSMISSION OF POWER BY WIRE ROPES 

By Albert W. Stahl, U.S.N. Second edition. 

No. ag. STEAM INJECTORS. Translated from the French ol 

M. Leon Pochet. 

I 

No. 30. TERRESTRIAL MAGNETISM, AND THE MAGNET- 
ISM OF IRON VESSELS. By IJrof. Fairman Rogers. 

W0.3X. THE SANITARY CONDITION OF DWELLING- 

HOUSES IN TOWN AND COUNTRY. By George E. Waring, jua 

No. 3a. CABLE-MAKING FOR SUSPENSION BRIDGES. By 

W. Hildcnbrand, C.E. 

No. 33. MECHANICS OF VENTILATION. By George W. Rafter, 

C.E. New edition (1895), revised by author. 
No. 34. FOUNDATIONS. By Prof. Jules Gaudard, C.E. Translated 

from the French. 

Na^. THE ANEROID BAROMETER: ITS CONSTRUC^ 

TION AND USE. Compiled by George W. Plympton. Fourth editioo 

No. 36 MATTER AND MOTION. By J. Clerk Maxwell. M.A. 
Second American ediiiun. 
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Na37. GEOGRAPHICAL SURVEYING; ITS USES, METH- 
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